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1
INTERNAL COMBUSTION ENGINE AND
STRUCTURE OF CHAIN COVER OF THE
SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. §119 to Japanese Patent Applications 2013-209162
and 2014-014274, filed on Oct. 4, 2013 and Jan. 29, 2014,
respectively, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

This disclosure relates to an internal combustion engine
and the structure of a chain cover of the internal combustion
engine, in particular, to an internal combustion engine and the
structure of a chain cover of the internal combustion engine
that includes the chain cover attached to an internal combus-
tion engine main body and a metallic oil seal fixing member
for fixing an oil seal mounted on a crankshaft.

The related art discloses an internal combustion engine that
includes a chain cover attached to an internal combustion
engine main body and a metallic oil seal fixing member for
fixing an oil seal mounted on a crankshaft (for example, refer
to JP 2010-32021A (Reference 1)).

Reference 1 discloses the internal combustion engine
which includes a resin-made timing chain cover attached to a
cylinder block (the internal combustion engine main body);
the oil seal that is press-fitted into (mounted on) the crank-
shaft; and a metallic retainer (the oil seal fixing member) that
holds the oil seal while being fitted into an insertion hole for
the crankshaft from a direction of the cylinder block (from an
inner side), the insertion hole for the crankshaft being formed
in the timing chain cover, and the structure of the oil seal of
the internal combustion engine. In the structure of the oil seal
of'the internal combustion engine disclosed in Reference 1, in
a state where the oil seal and the metallic retainer are inserted
into the crankshaft extending from the cylinder block, the
metallic retainer is disposed across a side surface of the cyl-
inder block, and an outer side (positioned opposite to the
cylinder block) of the metallic retainer is covered with the
timing chain cover. The outer resin-made timing chain cover
(positioned opposite to the cylinder block) and the metallic
retainer are jointly tightened and fixed to the cylinder block,
using bolts. The metallic retainer has a flange portion (with a
stepped structure) that can be fitted around the crankshaft, and
the retainer and the timing chain cover are tightly joined and
fixed in a state where an inner flange portion of the metallic
retainer is fitted into a stepped hole of the outer timing chain
cover.

BACKGROUND DISCUSSION

However, in the structure of the oil seal of the internal
combustion engine disclosed in Reference 1, oil in a portion
of the cylinder block (the internal combustion engine main
body) is sealed at a portion that is provided with the oil seal,
and in contrast, the oil in the cylinder block may leak to the
outside via a slight gap occurring in a fitting portion in the
vicinity of the crankshaft, in which the metallic retainer (the
oil seal fixing member) and the resin-made timing chain cover
are fitted into each other. For this reason, there is a problem in
satisfactorily sealing the oil.
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2
SUMMARY

Thus, a need exists for an internal combustion engine and
the structure of a chain cover of the internal combustion
engine which are not suspectable to the drawback mentioned
above.

An internal combustion engine according to an aspect of
this disclosure includes a chain cover that is attached to an
internal combustion engine main body having a crankshaft;
an oil seal that is mounted on the crankshaft in the vicinity of
the chain cover; a metallic oil seal fixing member that is
disposed on a surface of the chain cover, the surface being
present opposite to the internal combustion engine main
body, and fixes the oil seal; and a first sealing member that is
disposed between the oil sealing fixing member and the chain
cover.

According to the aspect of this disclosure, as described
above, since the internal combustion engine includes the
chain cover that is attached to the internal combustion engine
main body; and the metallic oil seal fixing member that is
disposed on the surface of the chain cover and fixes the oil
seal, the surface being present opposite to the internal com-
bustion engine main body, and the first sealing member is
provided between the oil seal fixing member and the chain
cover, in the structure of the chain cover in which the chain
cover is attached to the internal combustion engine main
body, and the oil seal fixing member is disposed on an outer
surface of the chain cover, the first sealing member provided
between the chain cover and the oil seal fixing member is
squeezed, and thus it is possible to bring the first sealing
member into close contact with the respective facing surfaces
of the chain cover and the oil seal fixing member. Accord-
ingly, oil in the internal combustion engine main body can be
sealed around a portion of the crankshaft, the portion being
provided with the oil seal, and it is possible to prevent the oil
in the internal combustion engine main body from leaking to
the outside via a gap in which the chain cover and the oil seal
fixing member overlap with each other, using the sealing
function of the first sealing member. As a result, even when
the oil seal is mounted on the crankshaft via the oil seal fixing
member formed separately from the chain cover, it is possible
to secure sealing properties between the chain cover and the
oil seal fixing member.

According to the aspect of this closure, as described above,
even when an oil seal is mounted on a crankshaft via an oil
seal fixing member formed separately from a chain cover, it is
possible to provide an internal combustion engine and the
structure of the chain cover of the internal combustion engine
in which sealing properties between the chain cover and the
oil seal fixing member can be secured.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of this disclosure will become more apparent from the fol-
lowing detailed description considered with the reference to
the accompanying drawings, wherein:

FIG. 1 is a perspective view illustrating a schematic con-
figuration of an engine according to a first embodiment dis-
closed here;

FIG. 2 is a side view illustrating a state where a retainer is
assembled to a timing chain cover from the outside in the
engine according to the first embodiment disclosed here;

FIG. 3 is a plan view of the chain cover in the engine
according to the first embodiment disclosed here, when a
back surface (a surface attached to an engine main body) of
the chain cover is seen;
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FIG. 4 is a plan view of the retainer for holding an oil seal
in the engine according to the first embodiment disclosed
here, when a back surface (a surface attached to an engine
main body) of the retainer is seen;

FIG. 5 is a cross-sectional view taken along line V-V in
FIG. 2;

FIG. 6 is a cross-sectional view taken along line VI-VIin
FIG. 2;

FIG. 7 is a side view illustrating a state where a retainer is
assembled to the timing chain cover from the outside in the
engine according to a modification example of the first
embodiment disclosed here;

FIG. 8 is a plan view of a retainer for holding the oil seal in
the engine according to a second embodiment disclosed here,
when a back surface (a surface attached to an engine main
body) of the retainer is seen;

FIG. 9 is a cross-sectional view illustrating the structure of
the oil seal in a state where a retainer is assembled to the
timing chain cover from the outside in the engine according to
the second embodiment disclosed here;

FIG. 10 is a side view of a timing chain cover to which a
retainer is assembled in the engine according to a third
embodiment disclosed here, when an inner surface (a surface
facing a cylinder block) of the timing chain cover is seen;

FIG. 11 is a cross-sectional view illustrating the structure
of'the oil seal in a state where the retainer is assembled to the
timing chain cover from the outside in the engine according to
the third embodiment disclosed here;

FIG. 12 is a cross-sectional view illustrating the structure
of the oil seal in a state where the retainer is assembled to a
timing chain cover from the outside in the engine according to
a fourth embodiment disclosed here;

FIG. 13 is a perspective view illustrating a schematic con-
figuration of an engine according to a fifth embodiment dis-
closed here;

FIG. 14 is a side view in the engine according to the fifth
embodiment disclosed here when a front end of a crankshaft
is seen;

FIG. 15 is a plan view of a chain cover in the engine
according to the fifth embodiment disclosed here, when seen
from the outside;

FIG. 16 is a plan view of a retainer for holding the oil seal
in the engine according to the fifth embodiment disclosed
here, when a back surface (a surface attached to the engine
main body) of the retainer is seen;

FIG. 17 is a cross-sectional view taken along line XVII-
XVIIin FIG. 14,

FIG. 18 is a plan view of a retainer for holding the oil seal
in an engine according to a sixth embodiment disclosed here,
when a back surface (a surface attached to the engine main
body) of the retainer is seen;

FIG. 19 is a cross-sectional view illustrating a state where
a timing chain cover and the retainer are assembled to the
engine main body in the engine according to the sixth
embodiment disclosed here;

FIG. 20 is a cross-sectional view illustrating a state where
a timing chain cover and a retainer are assembled to the
engine main body in an engine according to a seventh
embodiment disclosed here;

FIG. 21 is a side view illustrating a state where a sound
absorbing member is disposed between the timing chain
cover and the retainer in the engine according to the seventh
embodiment disclosed here;

FIG. 22 is a cross-sectional view illustrating a state where
a timing chain cover and a retainer are assembled to the
engine main body in an engine according to an eighth
embodiment disclosed here; and
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4

FIG. 23 is a side view illustrating a state where a sound
absorbing member is disposed between the timing chain
cover and the retainer in the engine according to the eighth
embodiment disclosed here.

DETAILED DESCRIPTION

Hereinafter, embodiments disclosed here will be described
with reference to the accompanying drawings.

First Embodiment

First, the configuration of an engine 100 according to a first
embodiment disclosed here will be described with reference
to FIGS. 110 6. In FIG. 1, reference signs are assigned to main
configuration elements of the engine 100, respectively, and in
FIGS. 2 to 6, reference signs are assigned to detailed configu-
rations (structures) around a timing chain cover 20. In the
following description of the engine 100, an X direction (a
longitudinal direction) refers to an extension direction of a
crankshaft 40, a Y direction (a lateral direction) refers to a
perpendicular direction of the crankshaft 40, and a Z direction
(a vertical direction) refers to an extension direction of cyl-
inders 2a.

As illustrated in FIG. 1, according to the first embodiment
disclosed here, the engine 100 for a vehicle includes an
engine main body 10 made of aluminum alloy which has a
cylinder head 1; a cylinder block 2; and a crankcase 3. The
gasoline engine 100 includes the timing chain cover 20 (here-
inafter, referred to as the TCC 20) made of resin, for example,
nylon 66 which is assembled to a side end portion (an edge
portion 24) of the engine main body 10 on an X2 side, and
which covers a timing chain 4; and a resin-made head cover
30 that is assembled to an upper side (a Z1 side) of the
cylinder head 1. The engine 100 is an example of an “internal
combustion engine” in the embodiment disclosed here, and
the timing chain cover (TCC) 20 is an example of a “chain
cover” in the embodiment disclosed here.

A camshaft (not illustrated), a valve mechanism (not illus-
trated) and the like are disposed in the cylinder head 1. The
cylinders 2a (illustrated by a dotted line) are formed in the
cylinder block 2 connected to a lower portion (a portion on a
72 side) of the cylinder head 1, and pistons (not illustrated)
reciprocate in the cylinders 2a in the Z direction, respectively.
An intake device (not illustrated) is connected to the cylinder
head 1, and introduces intake air into a plurality of (four)
cylinders 2a formed in the cylinder block 2. A crankshaft 40
is disposed in a crankcase 3 connected to a lower portion (a
portion onthe Z2 side) of'the cylinder block 2, and is rotatably
connected via the pistons and connecting rods. FIG. 1 illus-
trates the crankshaft 40 with a substantially bar shape, but in
practice, the crankshaft 40 has a configuration in which each
of crankpins and balance weights interposing the crankpin
therebetween are connected to crank journals, and the crank-
pins with an eccentric rotary shaft are respectively disposed
directly below the cylinders 2a.

A lower portion (a portion on the Z2 side) of the crankcase
3 is provided with an oil reservoir 3a in which engine oil is
stored. After the engine oil is drawn up from the oil reservoir
3a to an upper portion of the engine main body 10 by an oil
pump (not illustrated), and lubricates sliding portions such as
an outer circumferential surface of the camshaft, the respec-
tive outer circumferential surfaces of the pistons, and the like,
the engine oil falls due to its own weight and returns to the oil
reservoir 3a.

As illustrated in FIG. 2, the TCC 20 has a planar shape that
corresponds to a side cross-sectional shape ofthe engine main



US 9,388,765 B2

5

body 10 (refer to FIG. 1) on the X2 side. A boss portion 22
(refer to FIG. 3) is formed to have a through hole 224 in a
lower portion (a portion on the 72 side) and in the vicinity of
a center portion of a main body portion 21 in the Y direction.
The through hole 224 passes through the main body portion
21 in a thickness direction (the X direction) of the main body
portion 21, and a front end portion 41 of the crankshaft 40
(refer to FIG. 1) on the X2 side is inserted into the through
hole 224. The TCC 20 has a pair of end portions 23 that are
disposed in directions (Y1 and Y2 directions) opposite to each
other, with the through hole 224 being centered between the
end portions 23. Each of the end portions 23 is provided with
boss portions 24, each of which has a through hole 244 and is
formed integrally with the main body portion 21. Five boss
portions 24 are formed in each of the end portions 23, and the
through hole 24a passes through each of the end portions 23
in a thickness direction (X direction) of the end portions 23.
FIG. 2 illustrates a two-dimensional state in which a retainer
50 (to be described later) is disposed with respect to the TCC
20, and does not illustrate the cylinder block 2 that is present
rearward (on a rear side of the drawing sheet) of the TCC 20.
The Y direction (Y1 and Y2 directions) is an example of a
“second direction” in the embodiment disclosed here.

Anend portion 25 is provided on the Z1 side (an upper side)
of'the TCC 20, and a lower end portion 26 is provided on the
72 side (a lower side) of the TCC 20. Here, as illustrated in
FIG. 1, a flange 25a is provided in the end portion 25 in which
a cross section of the main body portion 21 is opened
upwards. The TCC 20 and the head cover 30 are connected to
each other using bolts (not illustrated) with the flange 25a
facing a flange 30qa of the head cover 30 upwards.

A flange 264 is provided in the end portion 26 in which a
cross section of the main body portion 21 is opened down-
wards. The TCC 20 and the crankcase 3 are connected to each
other using bolts (not illustrated) with the flange 264 facing a
flange 35 of the crankcase 3 downwards.

When a back surface (a surface to which the cylinder block
2 (refer to FI1G. 1) is attached) of only the TCC 20 is seen in an
arrow X2 direction, as illustrated in FIG. 3, groove portions
21a are respectively formed in the pair of end portions 23 that
extend in the Z direction. Sealing member 7 (to be described
later) (refer to FIG. 5) are respectively fitted into the groove
portions 21a. Asillustrated in FIG. 1, in a state where the front
end portion 41 of the crankshaft 40 on the X2 side is inserted
into the through hole 224, the TCC 20 is attached to a side
portion (the edge portion 25 of the cylinder block 2) of the
engine main body 10, using bolts 90.

Here, in the first embodiment, as illustrated in FIGS. 5 and
6, an oil seal 5 is mounted on a portion of the crankshaft 40,
the portion corresponding to the through hole 224 ofthe TCC
20. The oil seal 5 is not necessarily held only by the TCC 20
in a state where an outer circumferential portion of the oil seal
5 is directly fitted to an inner circumferential surface of the
through hole 22a of the TCC 20, but is also held by the
retainer 50 which is made of aluminum alloy. The retainer 50
having a predetermined attachment structure is attached to the
engine main body 10, and thus the oil seal 5 is mounted on the
crankshaft 40 in the vicinity of the TCC 20. The oil seal 5
prevents oil in the crankcase 3 (refer to FIG. 1) from leaking
to the outside of the engine main body 10 (refer to FIG. 1)
around the crankshaft 40. The retainer 50 is an example of an
“oil seal fixing member” in the embodiment disclosed here.

Hereinafter, the attachment structure of the retainer 50
being attached to the engine main body 10 for holding the oil
seal 5 will be described in detail.

As illustrated in FIGS. 1 and 4, a boss portion 52 is formed
in the retainer 50, and has a through hole 524 in a center
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portion of a main body portion 51 that extends in the Y
direction. The through hole 524 passes through the main body
portion 51 in a thickness direction (the X direction) of the
main body portion 51, and the front end portion 41 (refer to
FIG. 1) of the crankshaft 40 is inserted into the through hole
524.Inacross-sectional structure of the retainer 50 illustrated
in FIG. 5, an annular-shaped stopping portion 525 is formed
on an inner circumferential surface of the through hole 524 of
the boss portion 52, and protrudes along the Y direction so as
to decrease an inner diameter of the through hole 524. The oil
seal 5 is fixed to the through hole 524 in a state where the o0il
seal 5 is press-fitted into the through hole 524 from the outside
(the X2 side) toward the inside (the X1 side). The stopping
portion 525 prevents the press-fitted oil seal 5 from exces-
sively slipping toward the cylinder block 2.

As illustrated in FIG. 4, when a back surface (an inner
surface 5056 opposite to an outer surface 50a) of the retainer
50 is seen, the retainer 50 has a pair of end portions 53 that are
respectively formed at the respective tips of arm portions 51a
extending in directions (Y1 and Y2 directions) opposite to
each other, with the through hole 524 being centered between
the arm portions 51a. The boss portions 54 and 55 are pro-
vided in each of the end portions 53 so as to be adjacent to
each other in the Z direction. The boss portion 54 has an
attachment hole 54a with a smooth inner circumferential
surface, and the boss portion 55 has an attachment hole 554
with a smooth inner circumferential surface. At this time, in
the respective end portions 53 on the Y1 and Y2 sides, the
sequence of disposing the boss portions 54 and 55 in the Z
direction is reversed. The attachment holes 54a and 55a pass
through the main body portion 51 in the thickness direction
(X direction). The boss portions 54 and 55 are formed inte-
grally with the main body portion 51. The boss portion 54 is
anexample of a “first positioning portion” and an “attachment
boss” in the embodiment disclosed here. The attachment hole
54a is an example of a “positioning hole” in the embodiment
disclosed here.

Accordingly, as illustrated in FIG. 1, in the engine 100, in
a state where the TCC 20 is attached to the engine main body
10 (the cylinder block 2) along the edge portion 26 on a front
side (the X2 side) of the engine main body 10, using the bolts
90, the retainer 50 is attached to the TCC 20 from the front
side in the X1 direction so as to span an outer surface 20q in
a portion of the TCC 20 in the Y direction, the portion corre-
sponding to the crankshaft 40 that protrudes outward from the
through hole 22a.

As illustrated in FIG. 5, a knock pin 11 is fixed to a portion
of the edge portion 256 of the cylinder block 2, the portion
corresponding to the end portion 53 of the retainer 50, and a
part of the knock pin 11 protrudes in the X2 direction. The
knock pins 11 of a ferrous metallic material are respectively
press-fitted into fixing holes 2¢ by a predetermined depth, and
the fixing holes 2¢ are respectively provided in the respective
edge portions 25 of the cylinder block 2 on the Y1 and Y2
sides. The knock pin 11 has an outer diameter slightly smaller
than an inner diameter of the attachment hole 544 of the boss
portion 54 of the retainer 50. Accordingly, in a state where the
retainer 50 covers the outer surface 204 of the TCC 20 from
the outside, the knock pin 11 on the Y1 side is fitted into the
attachment hole 544 of the end portion 53 on the Y1 side, and
the knock pin 11 on the Y2 side is fitted into the attachment
hole 54a ofthe end portion 53 on the Y2 side. In this state, the
bolts 90 are respectively inserted into the respective attach-
ment holes 55a of the pair of boss portions 55, and the lower
surfaces of the boss portions 55 are directly fixed to fixing
holes 2d (referto FIG. 6) of the edge portion 26 of the cylinder
block 2, respectively. Here, the attachment hole 54a is a



US 9,388,765 B2

7

through hole, but may be a concave hole that does not pen-
etrate an upper surface of the end portion 53 because the
knock pin 11 is fitted into the attachment hole 54a via the
lower surface of the end portion 53. The knock pin 11 is an
example of a “pin member” in the embodiment disclosed
here.

Accordingly, when the retainer 50 is assembled to the
cylinder block 2 so as to span the TCC 20 in the Y direction,
the position of the retainer 50 is determined in an attachment
plane (a Y-Z plane) with respect to the cylinder block 2. The
metallic retainer 50 is accurately assembled to the metallic
cylinder block 2 by fitting the knock pins 11 into the respec-
tive attachment holes 54a, and thus a center of the through
hole 52a is accurately aligned with respect to the shaft center
of the crankshaft 40. Accordingly, the oil seal 5 is accurately
press-fitted onto the crankshaft 40.

Here, in the first embodiment, as illustrated in FIGS. 5 and
6, the TCC 20 has an annular groove portion 215 formed
around the boss portion 22 in the outer surface 20a that is
present on the X2 side. A circular sealing member 6 of an
elastic material is fitted into the groove portion 215. A portion
of the sealing member 6 is exposed out of the groove portion
215 further than the outer surface 20a, and is in contact with
a portion of the inner surface 5056 around the boss portion 52
of the retainer 50 facing the TCC 20. That is, the sealing
member 6 is disposed between the retainer 50 (the boss por-
tion 52) and the TCC 20 (the boss portion 22). The sealing
member 6 is squeezed in the X1 direction, and thus is in close
contact with a portion of the outer surface 204 of the TCC 20
(the boss portion 22) and the inner surface 5056 of the retainer
50 (the boss portion 52), the portion corresponding to the
vicinity of the sealing member 6. The sealing member 6 is an
example of a “first sealing member” in the embodiment dis-
closed here.

In the first embodiment, a sealing member 7 of an elastic
material is fitted into the groove portion 21a formed in an
inner surface 205 of the TCC 20, the inner surface 205 being
present on the X1 side. A portion of the sealing member 7 is
exposed out of the groove portion 21« further than the inner
surface 205, and is contact with the edge portion 25 of the
cylinder block 2 which faces the TCC 20. That is, the sealing
member 7 is disposed between the cylinder block 2 (the edge
portion 2b) and the TCC 20 (the inner surface 205). The
sealing member 7 is squeezed in the X1 direction, and thus is
in close contact with the edge portion 25 of the cylinder block
2 and the inner surface 205 of the TCC 20. The TCC 20 is
fixed to the cylinder block 2 via the sealing member 7 between
the TCC 20 and the cylinder block 2, in a state where the TCC
20 is floated from the cylinder block 2 by a minimum distance
ofagap LL1. The sealing member 7 is an example of a “second
sealing member” in the embodiment disclosed here. The gap
L1 is an example of a “first gap” in the embodiment disclosed
here.

Accordingly, when seen in the arrow X2 direction from the
inside toward the outside of the engine main body 10, the
TCC 20 is attached to the cylinder block 2 via the sealing
member 7 in the edge portion 26 of the cylinder block 2, and
the boss portion 52 of the retainer 50 is disposed on the TCC
20 so as to face the TCC 20 via the sealing member 6 around
the boss portion 22 of'the TCC 20, with the sealing member 6
being present opposite to the engine main body 10 (on the X2
side).

In the first embodiment, as illustrated in FIG. 4, a contact
portion 56 is provided in the main body portion 51 so as to be
positioned inward of the boss portions 54 and 55 of the end
portion 53 of the retainer 50. The contact portion 56 protrudes
in the X1 direction (a front side of the drawing sheet), and has
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a predetermined protrusion height. The contact portion 56 is
continuously formed from an end portion on the Z1 side
toward an end portion on the Z2 side of the main body portion
51. Accordingly, as illustrated in FIGS. 5 and 6, in a state
where a portion of the outer surface 20a of the TCC 20 is
disposed with a minimum distance of a gap .2 from the inner
surface 505 of the retainer 50, the portion corresponding to
the vicinity of the sealing member 6, the contact portion 56 of
the retainer 50 is in contact with a portion of the outer surface
20a, the portion being present in the vicinity of the sealing
member 7 and opposite to the mounting location of the seal-
ing member 7. The protrusion height of the contact portion 56
is pre-adjusted so as to maintain a state in which the TCC 20
is disposed with the minimum distance of the gap L2 from a
portion of the inner surface 505 of the retainer 50, the portion
corresponding to the vicinity of the sealing member 6. The
contact portion 56 is an example of a “first chain cover contact
portion” in the embodiment disclosed here. The X1 direction
is an example of a “first direction” in the embodiment dis-
closed here.

The sealing member 7 has a free state height dimension (in
the X direction) greater than that of the sealing member 6. In
the first embodiment, when the TCC 20 and the retainer 50 are
assembled to the cylinder block 2, a reaction force F1 (a force
exerted in the arrow X2 direction) of the sealing member 7
against the TCC 20 is set to be greater than a reaction force F2
(a force exerted in the arrow X1 direction) of the sealing
member 6 against the TCC 20. Accordingly, the reaction force
F2 does not cause the sealing member 7 to be squeezed in the
X1 direction in which the gap [.1 decreases, and the squeez-
ing of the sealing member 7 is appropriately maintained.

In the first embodiment, as illustrated in FIG. 5, the boss
portion 54 of the retainer 50 has an outer circumferential
portion 545. The outer circumferential portion 545 has a
round side surface opposite to the contact portion 56. In
contrast, the outer circumferential portion 545 has a side end
surface 54c¢ that faces the contact portion 56 and linearly
extends along the Z direction in a plan view. Accordingly,
when the side end surface 54c¢ of the outer circumferential
portion 545 is in contact with a side end surface 23a of the end
portion 23 of the TCC 20 in the Y direction, the position of the
TCC 20 in the Y direction (Y1 and Y2 directions) is deter-
mined with respect to the retainer 50. As illustrated in FIG. 6,
the columnar outer circumferential portion 556 of the boss
portion 55 is not in contact with the side end surface 23a of the
TCC 20.

As illustrated in FIG. 1, in the TCC 20, a crankshaft timing
gear (not illustrated) and a camshaft timing gear 31 are con-
nected to each other via a timing chain 4. The crankshaft
timing gear is attached to the crankshaft 40, and the camshaft
timing gear 31 drives the camshaft (not illustrated) assembled
in the cylinder head 1. A crank pulley (not illustrated) is
rotatably attached to the front end portion 41 of the crankshaft
40 on the outside of the TCC 20. A belt hooked over the crank
pulley drives accessories such as a water pump for the recir-
culation of engine coolant, and a compressor for the air con-
ditioning of a vehicle, and both the water pump and the
compressor are attached to the engine 100. A rear end portion
42 of the crankshaft 40 is connected to a power transmission
unit (not illustrated) including a transmission and the like. In
the first embodiment, the structures of the engine 100 and the
surroundings of the TCC 20 including the retainer 50 are as
described above.

In the first embodiment, it is possible to obtain the follow-
ing effects.

That is, in the first embodiment, as described above, the
engine 100 includes the TCC 20 attached to the engine main



US 9,388,765 B2

9

body 10, and the retainer 50 made of aluminum alloy that is
disposed opposite to the engine main body 10 and fixes the oil
seal 5, and in the structure of the TCC 20 in which the sealing
member 6 is disposed between the retainer 50 and the TCC
20, and thus the TCC 20 is attached to the engine main body
10 and the retainer 50 is disposed on the outer surface 20a of
the TCC 20, the sealing member 6 provided between the TCC
20 and the retainer 50 is squeezed in the X1 direction, and thus
it is possible to bring the sealing member 6 into close contact
with the outer surface 20a of the TCC 20 and the inner surface
505 of the retainer 50, with the outer surface 20a and the inner
surface 505 facing each other. Accordingly, it is possible to
seal the oil in the engine main body 10 (the crankcase 3) from
leaking around a portion of the crankshaft 40 which is pro-
vided with the oil seal 5, and it is also possible to prevent the
oil from leaking to the outside of the engine main body 10 via
a gap between the TCC 20 and the retainer 50 which overlap
with each other, using the sealing function of the sealing
member 6. As a result, even when the oil seal 5 is mounted on
the crankshaft 40 via the retainer 50 formed separately from
the TCC 20, it is possible to secure sealing properties between
the TCC 20 and the retainer 50.

The first embodiment further includes the sealing member
7 disposed between the TCC 20 and the engine main body 10
in addition to the sealing member 6 disposed between the
retainer 50 and the TCC 20. Accordingly, it is possible to
prevent oil from leaking to the outside of the engine main
body 10 via a gap between the TCC 20 and the retainer 50,
using the sealing function of the sealing member 6, and it is
also possible to prevent oil from leaking to the outside of the
engine main body 10 via a gap between the engine main body
10 and the TCC 20, using the sealing function of even the
sealing member 7. As aresult, it is possible to further maintain
sealing properties of the engine 100.

In the first embodiment, the retainer 50 is provided with the
contact portions 56 that are in contact with the TCC 20 in the
vicinity of the sealing member 7. In a state where at least the
gap L1 is provided between the TCC 20 and the engine main
body 10, using the sealing member 7, the contact portions 56
are brought into contact with the TCC 20 from the retainer 50
toward the TCC 20 in the X1 direction. Accordingly, in a state
where the contact portions 56 of the retainer 50 prevent a
portion of the TCC 20 in the vicinity of the sealing member 7
from being excessively floated in the X2 direction in which
the gap L1 increases, it is possible to dispose the TCC 20 in
such a manner that the sealing member 7 appropriately sepa-
rates the TCC 20 from the engine main body 10 by the gap 1.
Accordingly, it is possible to reliably determine the position
of'the TCC20 ina height direction (X1 direction) with respect
to the engine main body 10 in the vicinity of the sealing
member 7, and it is possible to prevent an unexpected external
force or vibration of the engine main body 10 from shaking
the TCC 20 that is disposed separately from the engine main
body 10 by the gap L.1.

In the first embodiment, when the TCC 20 and the retainer
50 are assembled to the engine main body 10, the reaction
force F1 of the sealing member 7 against the TCC 20 is set to
be greater than the reaction force F2 of the sealing member 6
against the TCC 20. Accordingly, it is possible to prevent the
reaction force F2 of the sealing member 6 against the TCC 20
from causing the sealing member 7 to be excessively
squeezed in the X1 direction in which the gap .1 decreases.
That is, since the squeezing of the sealing member 7 is appro-
priately maintained, and thus it is possible to keep the sealing
function of the sealing member 7, it is possible to reliably
prevent oil from leaking to the outside via a gap between the
engine main body 10 and the TCC 20, using the sealing
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function of the sealing member 7. Since the sealing member
7 is not excessively deformed, it is possible to prevent dete-
rioration of the sealing member 7, and thus deterioration in
the durability of the sealing member 7.

In the first embodiment, the knock pins 11 are provided in
the engine main body 10 (the edge portion 25 of the cylinder
block 2) so as to protrude in the retainer 50 (in the X2 direc-
tion). The attachment hole 544 is provided in the retainer 50,
and is fitted into the knock pin 11, thereby determining the
position of the retainer 50 with respect to the engine main
body 10 (the cylinder block 2). Accordingly, the knock pin 11
of'the engine main body 10 is inserted (fitted) into the attach-
ment hole 54a provided in the metallic retainer 50, and thus it
is possible to improve the accuracy of the fixing position of
the retainer 50 with respect to the engine main body 10. As a
result, itis possible to maintain a high accuracy of the mount-
ing position of the oil seal 5 with respect to the crankshaft 40.

In the first embodiment, the boss portions 54 are provided
in the retainer 50, and the side end surface 54¢ of the outer
circumferential portion 545 is brought into contact with the
side end surface 23a of each of the end portions 23 of the TCC
20 in the Y1 and Y2 directions which are orthogonal to the X
direction in which the crankshaft 40 extends, and thus the
boss portions 54 determine the position of the TCC 20 with
respect to the retainer 50 in the Y direction. Accordingly, it is
possible to appropriately maintain the attachment position of
the TCC 20 with respect to the retainer 50 in the Y direction (a
direction orthogonal to the crankshaft 40), using the boss
portions 54 (the outer circumferential portions 545) of the
retainer 50. Accordingly, it is possible to appropriately main-
tain a relative positional relationship in the Y-Z plane between
the retainer 50 and the TCC 20 which face each other with the
sealing member 6 interposed therebetween. It is possible to
prevent an unexpected external force or vibration of the
engine main body 10 from causing a positional deviation of
the TCC 20 in the Y direction. It is possible to easily deter-
mine the position of the TCC 20 with respect to the retainer 50
intheY direction, using the outer circumferential portion 545
of the boss portion 54 provided in the retainer 50.

In the first embodiment, the TCC 20 is made of a resin
material (nylon 66). Accordingly, even when the resin-made
TCC 20 having arelatively large coefficient of thermal expan-
sion and being likely to undergo a positional deviation due to
thermal strain is attached to the engine main body 10, it is
possible to secure the accuracy of the mounting position of
the oil seal 5 with respect to the crankshaft 40, using the
metallic retainer 50. Even when the TCC 20 is likely to
undergo a positional deviation due to thermal strain, oil is
securely sealed by the sealing member 6 interposed between
the TCC 20 and the retainer 50, and thus it is possible to easily
reduce the weight of the engine 100, using the resin-made
TCC 20.

Modification Example of First Embodiment

Subsequently, a modification example of the first embodi-
ment will be described with reference to FIGS. 1 and 7. In the
modification example of the first embodiment, a retainer 150
is fixed to the cylinder block 2, using one additional fixing
location (the boss portion 55). In the drawings, the same
configuration elements as in the first embodiment are illus-
trated with the same reference signs assigned to the same
configuration elements.

That is, as illustrated in FIG. 7, in the retainer 150 holding
the oil seal 5, the end portion 53 on the Y1 side has one boss
portion 55 and one boss portion 54, and in contrast, an end
portion 153 on the Y2 side has two boss portions 55 and one
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boss portion 54. In the end portion 153, the boss portion 54
having the attachment hole 544 is disposed between the two
boss portions 55 in the Z direction. A straight line 160 (an
alternate long and short dash line) is disposed so as to pass
through the shaft center of the crankshaft 40, and connects the
boss portion 54 of the end portion 153 on the Y1 side and the
boss portion 54 ofthe end portion 153 on the Y2 side. Accord-
ingly, the side end surface 54¢ of the boss portion 54 on the Y1
side and the side end surface 54¢ of the boss portion 54 on the
Y2 side interpose the side end surfaces 23a of the TCC 20
from directions opposite to each other along the straight line
160 that passes through the shaft center of the crankshaft 40.
As such, the modification example of the first embodiment,
the retainer 150 is attached to the cylinder block 2, using three
bolts 90.

In the modification example of the first embodiment, the
structure of the chain cover is the same as that of the first
embodiment except that the shape of the retainer 150 is dif-
ferent from that of the retainer 50 (refer to FIG. 1).

In the modification example of the first embodiment, as
described above, since it is possible to rigidly fix the retainer
150 to the engine main body 10 by attaching the retainer 150
to the edge portion 25 of the cylinder block 2, using the three
bolts 90, it is possible to improve the accuracy of the mount-
ing position of the oil seal 5 with respect to the crankshaft 40.

In the modification example of the first embodiment, the
retainer 150 is formed in such a manner that the straight line
160 passes through the shaft center of the crankshaft 40, and
the straight line 160 connects the boss portion 54 (the attach-
ment hole 54a) of the end portion 153 on the Y1 side and the
boss portion 54 (the attachment hole 54a) of the end portion
153 on the Y2 side. Accordingly, the action line of a force of
bringing the side end surface 54¢ of the retainer 150 onthe Y1
side into contact with the side end surface 234 of the TCC 20
in theY direction can be aligned with the action line of a force
of bringing the side end surface 54¢ of the retainer 150 on the
Y2 side into contact with the side end surface 23a of the TCC
20 on the straight line 160, and thus it is possible to reliably
interpose the TCC 20 in the Y direction using the retainer 150
without distorting the resin-made TCC 20. Other effects of
the modification example of the first embodiment are the
same as those of the first embodiment.

Second Embodiment

Subsequently, a second embodiment will be described with
reference to FIGS. 6, 8, and 9. In the second embodiment,
compared to the shape of the retainer 50 (refer to FIG. 6) in the
first embodiment, a detailed shape of a retainer 250 is
changed so as to improve the accuracy of the positioning of
the timing chain cover (TCC) 20. In the drawings, the same
configuration elements as in the first embodiment are illus-
trated with the same reference signs assigned to the same
configuration elements.

As illustrated in FIGS. 8 and 9, in the configuration of an
engine according to the second embodiment disclosed here,
the retainer 250 holds the oil seal 5. When a back surface of
the retainer 250 is seen, as illustrated in FIG. 8, a boss portion
255 has an outer circumferential portion 25556. The outer
circumferential portion 2555 has a round side surface oppo-
site to the contact portion 56. In contrast, the outer circum-
ferential portion 2555 has a side end surface 255¢ that faces
the contact portion 56 and linearly extends along the Z direc-
tion in a plan view. Accordingly, when the side end surface
54¢ of the outer circumferential portion 545 is in contact with
the side end surface 23a (refer to FIG. 9) of the end portion 23
ofthe TCC 20 in the Y direction, and the side end surface 255¢
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of the outer circumferential portion 2555 is concurrently in
contact with the side end surface 23a (refer to FIG. 9) of the
end portion 23 of the TCC 20 in the Y direction, the position
of the TCC 20 in the Y direction (Y1 and Y2 directions) is
determined with respect to the retainer 250. The boss portion
255 is an example of a “first positioning portion” and an
“attachment boss” in the embodiment disclosed here.

In the second embodiment, a contact portion 257 is pro-
vided in an opening portion of the boss portion 52 of the
retainer 250 on the X1 side, and has a predetermined protru-
sion height in the X1 direction (the front side of the drawing
sheet in FIG. 8). The contact portion 257 having an annular
shape is formed around the boss portion 52 of the main body
portion 51. Accordingly, in a state where the TCC 20 is
disposed so as to have the gap [.2 with respect to an inner
surface 6505 of the retainer 250, the contact portion 257 of the
retainer 250 is brought into contact with a portion of the outer
surface 20a of the TCC 20 from the retainer 250 toward the
TCC 20 in the X1 direction, the portion corresponding to the
vicinity of the sealing member 6. The protrusion height of the
contact portion 257 is pre-adjusted so as to maintain a state in
which the TCC 20 is disposed with the gap L2 from a portion
of the inner surface 6505 of the retainer 250, the portion
corresponding to the vicinity of the sealing member 6. The
contact portion 257 is an example of a “second chain cover
contact portion” in the embodiment disclosed here. The gap
L2 is an example of a “second gap” in the embodiment dis-
closed here.

Accordingly, not only the contact portions 56 but also the
contact portion 257 of the retainer 250 enable the TCC 20 to
maintain the gap L2 (refer to FIG. 9) with respect to the
retainer 250. Other configurations of the engine of the second
embodiment are the same as in the first embodiment.

In the second embodiment, it is possible to obtain the
following effects.

That is, in the second embodiment, the boss portions 255
are provided in the retainer 250, and the side end surface 255¢
of the outer circumferential portion 25556 is brought into
contact with the side end surface 23a of each of the end
portions 23 of the TCC 20 in the Y1 and Y2 directions which
are orthogonal to the X direction in which the crankshaft 40
extends, and thus the boss portions 255 determine the position
of the TCC 20 with respect to the retainer 250 in the Y
direction. Accordingly, it is possible to appropriately main-
tain the attachment position of the TCC 20 with respect to the
retainer 250 in the Y direction, using the boss portions 255
(the outer circumferential portions 2555) of the retainer 250.
Accordingly, it is possible to appropriately maintain a relative
positional relationship in the Y-Z plane between the retainer
250 and the TCC 20 which face each other with the sealing
member 6 interposed therebetween. At this time, it is possible
to easily determine the position of the TCC 20 with respect to
the retainer 250 in the Y direction, using not only the outer
circumferential portion 545 (the side end surface 54¢) of the
boss portion 54 provided in the retainer 250 but also the outer
circumferential portion 2555 (the end surface 255c¢) of the
boss portion 255 provided in the retainer 250. In addition,
since it is possible to use the outer circumferential portion
2555 (the side end surface 255¢) as the “first positioning
portion” that determines the position of the TCC 20 with
respect to the retainer 250 in the Y direction, it is not neces-
sary to provide a dedicated first positioning portion, and it is
possible to simplify the configuration of the retainer 250 to
that extent.

In the second embodiment, the contact portion 257 is pro-
vided in the retainer 250, and is in contact with the TCC 20 in
the vicinity of the sealing member 6. In a state where at least
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the gap L2 is provided between the retainer 250 and the TCC
20, using the sealing member 6, the contact portion 257 is
brought into contact with the TCC 20 from the retainer 250
toward the TCC 20 in the X1 direction. Accordingly, it is
possible to maintain the gap [.2 between the TCC 20 and the
retainer 250 to a constant distance, using the contact portion
257 of the retainer 250, and thus it is possible to appropriately
maintain the squeezing of the sealing member 6 between the
TCC 20 and the retainer 250. Accordingly, it is possible to
stably maintain sealing properties between the TCC 20 and
the retainer 250. Other effects of the second embodiment are
the same as in the first embodiment.

Third Embodiment

Subsequently, a third embodiment will be described with
reference to FIGS. 2, 10, and 11. In the third embodiment,
unlike the TCC 20 (refer to FIG. 2) in the first embodiment, a
timing chain cover (TCC) 320 is provided with retainer boss
portions 27, each of which has a fitting hole 274 into which
the boss portion 55 of a retainer 350 is inserted and fittable.
The boss portion 55 is an example of a “first positioning
portion” and an “attachment boss™ in the embodiment dis-
closed here. The retainer boss portion 27 and the fitting hole
27a are examples of a “second positioning portion” and an
“attachment boss fitting hole”, respectively in the embodi-
ment disclosed here. In the drawings, the same configuration
elements as in the first embodiment are illustrated with the
same reference signs assigned to the same configuration ele-
ments.

As illustrated in FIGS. 10 and 11, in the configuration of an
engine according to the third embodiment disclosed here, the
retainer 350 holds the oil seal 5 (refer to FIG. 11).

Here, in the third embodiment, the TCC 320 is provided
with the retainer boss portions 27, each of which has the
fitting hole 274 into which the boss portion 55 of the retainer
350 is inserted and fittable. The boss portion 55 having the
attachment hole 554 in the retainer 350 and the retainer boss
portion 27 having the fitting hole 274 in the TCC 320 deter-
mine the respective positions of the TCC 320 and the retainer
350 in a direction orthogonal to the X direction. That is, in a
state where the retainer 350 is attached to the cylinder block
2, the fitting hole 274 having a circumferential inner surface
in the retainer boss portion 27 of the outer TCC 320 is fitted
onto an outer side of the circular outer circumferential portion
55b ofthe boss portion 55, thereby determining the respective
positions of the TCC 320 and the retainer 350 in the direction
orthogonal to the X direction.

As illustrated in FIG. 10, the retainer 350 also has the boss
portion 54 in which the side end surface 54¢ is formed in a part
of the outer circumferential portion 545. Accordingly, the
side end surface 234 is in contact with the side end surface
54c¢, and the outer circumferential portion 554 is fitted into the
fitting hole 274, thereby determining the position of the TCC
320 with respect to the retainer 350 in the direction orthogo-
nal to the X direction.

Even in the third embodiment, as illustrated in FIG. 11, the
annular contact portion 257 is provided in the opening portion
of the boss portion 52 of the retainer 350 on the X1 side.
Accordingly, in a state where the TCC 320 is disposed so as to
have the gap [.2 with respect to an inner surface 3505 of the
retainer 350, the contact portion 257 of the retainer 350 is
brought into contact with a portion of the TCC 320 from the
retainer 350 toward the TCC 320 in the X1 direction, the
portion corresponding to the vicinity ofthe sealing member 6.
Other configurations of the engine of the third embodiment
are the same as in the second embodiment.
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In the third embodiment, it is possible to obtain the follow-
ing effects.

That is, in the third embodiment, as described above, the
TCC 320 is provided with the retainer boss portions 27, each
of which has the fitting hole 27a into which the boss portion
55 (the outer circumferential portion 55b6) is inserted and
fittable. The boss portion 55 having the outer circumferential
portion 555 in the retainer 350 and the retainer boss portion 27
having the fitting hole 274 in the TCC 320 determine the
position of the TCC 320 with respect to the retainer 350 in the
direction orthogonal to the X direction. Accordingly, the
outer circumferential portion 555 of the boss portion 55 of the
retainer 350 is circumferentially fitted into the fitting hole 274
of'the TCC 320, and thus it is possible to easily determine the
position of the TCC 320 with respect to the retainer 350 in the
direction orthogonal to the X direction. Since the outer cir-
cumferential portion 555 of the boss portion 55 is circumfer-
entially fitted into the fitting hole 274 of the retainer boss
portion 27, it is possible to improve the accuracy of the
positioning of the TCC 320 with respect to the retainer 350 in
the Y-Z plane orthogonal to the crankshaft 40. Other effects of
the third embodiment are the same as in the second embodi-
ment.

Fourth Embodiment

Subsequently, a fourth embodiment will be described with
reference to FIGS. 2 and 12. In the fourth embodiment, com-
pared to the TCC 20 (refer to FIG. 2) in the first embodiment,
a timing chain cover (TCC) 420 is further provided with an
engagement portion 28 that is engaged with the retainer 50.
The engagement portion 28 is an example of an “oil seal
fixing member engaging portion” in the embodiment dis-
closed here. In the drawings, the same configuration elements
as in the first embodiment are illustrated with the same refer-
ence signs assigned to the same configuration elements.

As illustrated in FIG. 12, in the configuration of an engine
according to the fourth embodiment disclosed here, the
retainer 50 holds the oil seal 5.

Here, in the fourth embodiment, the engagement portion
28 is provided in the TCC 420 in the vicinity of the sealing
member 6, and is engaged with the stopping portion 525 of the
retainer 50 via the through hole 524 of the retainer 50, the
stopping portion 525 being positioned so as to face the TCC
420 (on the X2 side) and being a portion of the through hole
52a. That is, the engagement portion 28 has an engagement
claw 28a that is formed by extending an inner surface of the
boss portion 22 (the through hole 22a) of the TCC 420 in the
X2 direction, and then folding the inner surface outward in a
radial direction (the Y1 and Y2 sides). When a lower surface
(a surface on the X1 side) of the engagement claw 28a is
brought into contact (surface contact) with the stopping por-
tion 5254 from the X2 side toward the X1 side, the TCC 420 is
held (fixed) by the inner surface 505 of the retainer 50. The
engagement portion 28 and the engagement claw 28a having
anannular shape are formed around the through hole 22a. The
length of the engagement portion 28 in the X direction is
pre-adjusted so as to maintain a state in which the TCC 420 is
disposed with the gap L2 present from the inner surface 505
of the retainer 50. The through hole 52a is an example of a
“crankshaft through hole” in the embodiment disclosed here.

Inthe fourth embodiment, since the engagement portion 28
is also in contact with an inner circumferential surface 52¢ of
the through hole 52a (the stopping portion 525) of the retainer
50, the engagement portion 28 also serves to determine the
position of the TCC 420 with respect to the retainer 50 in the
direction orthogonal to the X direction in which the crank-
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shaft 40 extends. The inner circumferential surface 52¢ is an
example of an “inner surface of the crankshaft through hole”
in the embodiment disclosed here. Other configurations of the
engine of the fourth embodiment are the same as in the first
embodiment.

In the fourth embodiment, it is possible to obtain the fol-
lowing effects.

That is, in the fourth embodiment, as described above, the
engagement portion 28 is provided in the TCC 420 in the
vicinity of the sealing member 6, and is engaged with a
portion of the retainer 50 via the through hole 52a of the
retainer 50, the portion (on the X2 side) being opposite to the
TCC 420. In a state where the gap .2 is provided between the
retainer 50 and the TCC 420, using the sealing member 6, the
engagement portion 28 is brought into contact with the
retainer 50 from a side of the retainer 50 toward the retainer 50
in the X1 direction, the side being opposite to the TCC 420.
Accordingly, since it is possible to maintain the gap 1.2
between the TCC 420 and the retainer 50 to a constant dis-
tance, in a state where the TCC 420 is disposed with respect
to the retainer 50 in the X1 direction (toward the engine main
body 10), using the engagement portion 28, it is possible to
appropriately maintain the squeezing of the sealing member 6
between the TCC 420 and the retainer 50. Accordingly, it is
possible to stably maintain sealing properties between the
TCC 420 and the retainer 50. Since it is possible to easily hold
the TCC 420 in the X1 direction (toward the cylinder block 2)
using the engagement portion 28, it is possible to easily
prevent an unexpected external force or vibration of the
engine main body 10 from causing the TCC 420 to fall off
from the retainer 50, the TCC 420 being disposed separately
from the retainer 50 by the gap 1.2.

In the fourth embodiment, since the engagement portion 28
is also in contact with the inner circumferential surface 52¢ of
the through hole 52a of the retainer 50, the engagement
portion 28 also serves to determine the position of the TCC
420 with respect to the retainer 50 in the direction orthogonal
to the X direction in which the crankshaft 40 extends. Accord-
ingly, it is possible to appropriately maintain a relative posi-
tional relationship between the TCC 420 and the retainer 50 in
the direction orthogonal to the crankshaft 40, using the
engagement portion 28 of the TCC 420. Accordingly, it is
possible to appropriately maintain the relative positional rela-
tionship between the TCC 420 and the retainer 50 which face
each other with the sealing member 6 interposed therebe-
tween. [tis possible to prevent an unexpected external force or
vibration of the engine main body 10 from causing a posi-
tional deviation of the TCC 420 in the Y-Z plane.

Other effects of the fourth embodiment are the same as in
the first embodiment.

Fifth Embodiment

First, a fifth embodiment disclosed here will be described
with reference to FIGS. 13 to 17. In the fifth embodiment,
compared to the first embodiment, the respective detailed
shapes of a TCC 520 and a retainer 550 are changed so as to
maintain effects of reducing noise (radiated sound), which is
caused by vibration of a main body of an engine 500, over a
long period of time. In the drawings, the same configuration
elements as in the first embodiment are illustrated with the
same reference signs assigned to the same configuration ele-
ments.

Asillustrated in FIG. 13, according to the fifth embodiment
disclosed here, the engine 500 for a vehicle includes the
engine main body 10 made of aluminum alloy which includes
the cylinder head 1; the cylinder block 2; and the crankcase 3.
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The gasoline engine 500 includes the resin-made TCC 520
that is assembled to the side end portion (the edge portion 25)
of'the engine main body 10 on the X2 side, and which covers
the timing chain 4; and the head cover 30 that is assembled to
the upper side (the Z1 side) of the cylinder head 1. The engine
main body 10 is an example of an “internal combustion
engine main body in the embodiment disclosed here. The
timing chain cover (TCC) 520 is an example of a “chain
cover” in the embodiments disclosed here.

Camshafts 45 (illustrated by a dotted line), a valve mecha-
nism (not illustrated in detail), and the like are disposed in the
cylinder head 1, and the camshafts 45 and the valve mecha-
nism are moving valve system timing members. The cylin-
ders 2a (illustrated by a dotted line) are formed in the cylinder
block 2 connected to the lower portion (a portion on the 72
side) of the cylinder head 1, and pistons 12 (illustrated by a
dotted line) reciprocate in the cylinders 2qa in the Z direction,
respectively. An intake device (not illustrated) is connected to
the cylinder head 1, and introduces intake air into the plurality
of (four) cylinders 2a formed in the cylinder block 2.

A crank chamber 3¢ is formed in an inner bottom portion of
the engine main body 10 by the cylinder block 2 and the
crankcase 3 connected to the lower portion (a portion on the
72 side) of'the cylinder block 2. The crankshaft 40 is disposed
in the crank chamber 3¢, and is rotatably connected via the
pistons 12 and the connecting rods (not illustrated). FIG. 13
illustrates the crankshaft 40 with a substantially bar shape, but
in practice, the crankshaft 40 has a configuration in which
each of crankpins and balance weights interposing the crank-
pin therebetween are connected to crank journals, and the
crankpins with an eccentric rotary shaft are respectively dis-
posed directly below the cylinders 2a.

The lower portion (a portion on the 72 side) of the crank
chamber 3¢ is provided with the oil reservoir 3a in which
engine oil (hereinafter, simply referred to as oil) is stored. An
oil pump (not illustrated) draws the oil up from the oil reser-
voir 3a to the upper portion of the engine main body 10, and
supplies the oil to the moving valve system timing members
including the camshafts 45 and the sliding portions such as
the respective outer circumferential surfaces of the pistons 12.
Thereafter, the oil falls (drips) due to its own weight and
returns to the oil reservoir 3a.

As illustrated in FIG. 14, the TCC 520 has a planar shape
that overlaps the side cross-sectional shape of the engine main
body 10 (refer to FIG. 13) on the X2 side. The TCC 520 has
the main body portion 21 that swells toward the front side of
the drawing sheet (in the arrow X2 direction), and the boss
portion 22 (refer to FIG. 15) is formed to have the through
hole 22a in a lower (a portion on the Z2 side) and in the
vicinity of a center portion of the main body portion 21 in the
Y direction. The through hole 22a passes through the main
body portion 21 in the thickness direction of the main body
portion 21, and a front end portion 40a (refer to FIG. 13) of the
crankshaft 40 is inserted into the through hole 22a.

The TCC 520 has the pair of end portions 23 that are
disposed in the directions (the arrow Y1 and arrow Y2 direc-
tions) opposite to each other, with the through hole 22a being
centered between the end portions 23. Each of the flange-
shaped end portions 23 is provided with the boss portions 24,
each of which has the through hole 244 passing through in the
thickness direction of the end portion 23. FIG. 14 illustrates a
two-dimensional state in which the retainer 550 (to be
described later) is disposed with respect to the TCC 520, and
does notillustrate the cylinder block 2 that is present rearward
(on the rear side of the drawing sheet) of the TCC 520.

As illustrated in FIG. 15, the TCC 520 has the groove
portion 21a formed on the back surface (a sealing surface) of
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each of the end portions 23 that are attached to the cylinder
head 1 and the cylinder block 2 (refer to FIG. 13). The groove
portion 21a extends in the Z direction at an inner position than
the through hole 22q, and the sealing member 7 (to be
described later) (refer to FIG. 17) is fitted into the groove
portion 21a. As illustrated in FIG. 13, in a state where the
front end portion 40a of the crankshaft 40 on the X2 side is
inserted into the through hole 22a, the TCC 520 is attached to
the side portion (the edge portion 26 of the cylinder head 1 and
the cylinder block 2) of the engine main body 10, using bolts
90.

Here, as illustrated in FIG. 17, the oil seal 5 is mounted on
a portion of the crankshaft 40, the portion corresponding to
the through hole 224 of the TCC 520. The oil seal 5 is not held
only by the TCC 520 in a state where the outer circumferential
portion of the oil seal 5 is directly fitted to the inner circum-
ferential surface of the through hole 22a of the TCC 520, but
is also held by the retainer 550 made of aluminum alloy. The
retainer 550 having a predetermined attachment structure is
attached to the engine main body 10, and thus the oil seal 5 is
mounted on the crankshaft 40 in the vicinity of the TCC 520.
The oil seal 5 prevents oil in the crankcase 3 (refer to FIG. 13)
from leaking to the outside of the engine main body 10 (refer
to FIG. 13) via around the crankshaft 40. The retainer 550 is
an example of an “oil seal fixing member” in the embodiment
disclosed here.

As illustrated in FIGS. 13 and 16, the boss portion 52 is
formed in the retainer 550, and has the through hole 524 in the
center portion of the main body portion 51 along the X direc-
tion. The through hole 52a passes through the main body
portion 51 in the thickness direction of the main body portion
51, and the front end portion 40a (refer to FIG. 13) of the
crankshaft 40 is inserted into the through hole 524. Ina cross-
sectional structure of the retainer 550 illustrated in FIG. 17,
the annular-shaped stopping portion 525 is formed on the
inner circumferential surface of the through hole 524 of the
boss portion 52, and protrudes along the Y direction so as to
decrease the inner diameter of the through hole 52a. The oil
seal 5 is fixed to the through hole 524 in a state where the o0il
seal 5 is press-fitted into the through hole 524 from the outside
(the X2 side) toward the inside (the X1 side). The stopping
portion 525 prevents the press-fitted oil seal 5 from exces-
sively slipping toward the cylinder block 2 (the X1 side).

As illustrated in FIG. 16, when a back surface (the inner
surface 505) of the retainer 550 is seen, the retainer 550 has
the pair of end portions 53. The end portions 53 are respec-
tively formed at the respective tips of the arm portions 51a
that extend in a longitudinal direction (Y1 and Y2 directions)
with the through hole 52a being centered between the arm
portions 51a. The attachment hole 54a and the boss portion
55 are provided in each of the end portions 53 so as to be
adjacent to each other in the Z direction. The knock pin 11 (to
be described later) is fitted into the attachment hole 54a, and
the boss portion 55 has the attachment hole 554 into which the
bolt 90 (to be described later) is inserted. At this time, the end
portion 53 on the Y1 side is provided with one attachment
hole 54a and one boss portion 55 (the attachment hole 554),
and the end portion 53 on the Y2 side is provided with one
attachment hole 54a and the pair of boss portions 55 (the
attachment holes 55a) that interpose the one attachment hole
544 in a vertical direction (the Z direction). The attachment
holes 54a and 55a pass through the end portion 53 in the
thickness direction of the end portion 53. The inner surface
505 is an example of a “facing surface” in the embodiment
disclosed here.

As illustrated in FIG. 17, the knock pin 11 is fixed to a
portion of the edge portion 26 of the cylinder block 2, the
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portion corresponding to the end portion 53 of the retainer
550, and a part of the knock pin 11 protrudes in the arrow X2
direction. The metallic knock pins 11 are respectively press-
fitted into the fixing holes 2¢ by a predetermined depth, and
the fixing holes 2¢ are respectively provided in the respective
edge portions 25 of the cylinder block 2 on the Y1 and Y2
sides. The knock pin 11 has an outer diameter slightly smaller
than the inner diameter of the attachment hole 54a of the
retainer 550. Accordingly, in a state where the retainer 550
covers the outer surface 20a of the TCC 520 from the outside,
the knock pin 11 (refer to FIG. 13) on the Y1 side is fitted into
the attachment hole 544 of the end portion 53 on the Y1 side,
and the knock pin 11 on the Y2 side is fitted into the attach-
ment hole 544 of the end portion 53 on the Y2 side. In this
state, the bolts 90 are respectively inserted into the respective
attachment holes 55a of three boss portions 55, and the
respective lower surfaces of the boss portions 55 are directly
fixed to the fixing holes 2d of the edge portion 26 of the
cylinder block 2, respectively.

Accordingly, when the retainer 550 is assembled to the
cylinder block 2 so as to span the TCC 520 in the Y direction,
the position of the retainer 550 is determined in the attach-
ment plane (Y-Z plane) with respect to the cylinder block 2.
The metallic retainer 550 is accurately assembled to the
metallic cylinder block 2 by fitting the knock pins 11 into the
respective attachment holes 54a, and thus the center of the
through hole 52a is accurately aligned with respect to the
shaft center of the crankshaft 40. Accordingly, the oil seal 5 is
accurately press-fitted onto the crankshaft 40.

As illustrated in FIG. 15, the TCC 520 has the annular
groove portion 215 formed around the boss portion 22 in the
outer surface 20a that is present on the X2 side. As illustrated
in FIG. 17, the annular sealing member 6 of an elastic material
is fitted into the groove portion 215. A portion of the sealing
member 6 is exposed out of the groove portion 215 further
than the outer surface 20q, and is contact with a portion of the
inner surface 5056 around the boss portion 52 of the retainer 50
facing the TCC 520. That is, the sealing member 6 is disposed
between the retainer 550 (the boss portion 52) and the TCC
520 (the boss portion 22). The sealing member 6 is squeezed
in the arrow X1 direction, and thus is in close contact with a
portion of the outer surface 20a of the TCC 520 (the boss
portion 22) and the inner surface 505 of the retainer 550 (the
boss portion 52), the portion corresponding to the vicinity of
the sealing member 6.

As illustrated in FIG. 17, the sealing member 7 made of an
elastic material is fitted into the groove portion 21a formed in
the back surface (in the inner surface 205 present on the X1
side) of the end portion 23 of the TCC 520. A portion of the
sealing member 7 is exposed out of the groove portion 21a
further than the inner surface 205, and is contact with the edge
portion 25 of the cylinder block 2, the edge portion facing the
TCC 520. That is, the sealing member 7 is disposed between
the cylinder block 2 (the edge portion 24) and the TCC 520 (a
surface of the end portion 23 on the X1 side). The sealing
member 7 is squeezed in the arrow X1 direction, and thus is in
close contact with the edge portion 25 of the cylinder block 2
and the surface of the end portion 23 on the X1 side in the
TCC 520. Accordingly, the sealing member 7 is interposed
between the flange-shaped end portion 23 and the edge por-
tion 24, and thus the TCC 520 is fixed to the cylinder block 2
in a state where the TCC 520 is floated from the cylinder block
2 in the arrow X2 direction by a predetermined separation
distance (approximately 0.5 mm or greater and 3 mm or less).

Accordingly, as illustrated in FIG. 13, in the engine 500,
the TCC 520 is attached to the engine main body 10 (the
cylinder head 1 and the cylinder block 2) along the edge
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portion 256 on the side (the X2 side) of the engine main body
10 via the sealing member 7 in the arrow X1 direction, using
the bolts 90. In this state, the retainer 550 is attached to the
TCC 520 from the front side (the X2 side) via the sealing
member 6 so as to span the outer surface 20q in a portion of
the TCC 520 in the Y direction, the portion corresponding to
the crankshaft 40 that protrudes outward from the through
hole 22a. Accordingly, as illustrated in FIG. 14, the TCC 520
is provided with a region S in which the retainer 550 overlaps
the TCC520. Theregion S is an example of a “region in which
the oil seal fixing member and the chain cover overlap with
each other” in the embodiment disclosed here.

Here, in the fifth embodiment, as illustrated in FIG. 15, the
resin-made TCC 520 is provided with a circumferential wall
526 that extends in the arrow X2 direction (a front direction of
the drawing sheet) so as to keep away from the outer surface
20a. The circumferential wall 526 is seamlessly circumfer-
entially formed in a predetermined region of the outer surface
20a, and the outer surface 20aq is provided with a region 20¢
surrounded by the circumferential wall 526. The boss portion
22 is disposed in a center portion of the region 20c. As
illustrated in FIG. 17, when the TCC 520 and the retainer 550
are sequentially attached to the cylinder block 2 (the engine
main body 10), the circumferential wall 526 surrounds the
region S (refer to FIG. 14) in which the retainer 550 and the
TCC 520 overlap with each other. The arrow X2 direction is
an example of a “first direction” in the embodiment disclosed
here.

That is, in the engine 500, a space 501 is formed between
the retainer 550 and the TCC 520, and is surrounded by the
circumferential wall 526 circumferentially provided on the
outer surface 20a of the TCC 520. In other words, the space
501 as a space structure is formed by the circumferential wall
526, the region 20c of the outer surface 20a of the TCC 520,
and a portion of the flat inner surface 505 of the retainer 550,
the portion facing the region 20c in the arrow X2 direction.
The space 501 between the retainer 550 and the TCC 520
forms a Helmholtz resonator.

In the fifth embodiment, the circumferential wall 526 form-
ing the space 501 (the Helmholtz resonator) in the region S
(refer to FIG. 14) has a gap T between the circumferential
wall 526 and a portion of the flat inner surface 505 of the
retainer 550, the portion facing a tip 526a of the circumfer-
ential wall 526 in the arrow X1 direction. That is, the tip 5264
is not in contact with the inner surface 505. An inlet portion
(an opening portion) of the space 501 having the gap T is
circumferentially formed in a plan view. The size of the
circumferentially continuous annular gap T is adjusted to a
predetermined size in such a manner that the space 501 as the
Helmholtz resonator has a resonance frequency to provide
sound deadening effects. Accordingly, the volume of the con-
tinuous annular gap T is obtained by multiplying the width
and clearance (the size of the gap) of the tip 5264, and the
circumferential length of'the tip 5264. The size of'the gap T is
set in such a manner that the shape of the space 501 cancels
out a frequency which corresponds to a maximum value of
noise occurring due to vibration of the engine main body 10
caused by the rotational operation of the crankshaft 40 or the
like, or in particular, a maximum value of noise (operation
sound resulting from a meshing operation between the timing
chain 4 and a crankshaft timing sprocket 41, and the like)
occurring due to vibration of moving valve system timing
members which are disposed in the TCC 520 and in the
vicinity of the crankshaft 40, and which corresponds to neigh-
boring values of the maximum value. The crankshaft timing
sprocket 41 is an example of a “sprocket” in the embodiment
disclosed here.
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Accordingly, in the engine 500, the circumferential wall
526 circumferentially provided on the outer surface 20a of the
TCC 520 prevents noise (radiated sound) occurring in the
TCC 520 from being spread to the outside of the engine main
body 10, the noise occurring due to vibration of the engine
main body 10 caused by the rotational operation of the crank-
shaft 40 or the like. That is, a ratio of the respective volumes
of'the gap T and the space 501 is adjusted so as to generate a
Helmholtz resonance. Since the tip 5264 of the circumferen-
tial wall 526 is not in contact with the inner surface 505 of the
retainer 550 due to the gap T, the retainer 550 and the circum-
ferential wall 526 (the TCC 520) do not rub against each
other, the shape of the space 501 as the Helmholtz resonator
is maintained, and the mechanical properties of the circum-
ferential wall 526 are not changed (modified). Regardless of
an operation period of the engine 500, the space 501 main-
taining a space shape as the Helmholtz resonator cancels out
a specific frequency band (a frequency at a maximum value of
radiated sound and neighboring values of the maximum
value) of noise (radiated sound) occurring due to vibration of
the engine main body 10.

In the fifth embodiment, as illustrated in FIGS. 14 and 17,
the space 501 surrounded by the circumferential wall 526
between the retainer 550 and the TCC 520 is disposed so as to
overlap a meshing portion 41a between the timing chain 4 and
the crankshaft timing sprocket 41. Accordingly, the circum-
ferential wall 526 circumferentially provided when seen from
an extending direction of the crankshaft 40 surrounds a mesh-
ing portion 41a in which the timing chain 4 and the crankshaft
timing sprocket 41 mesh with each other, each of the timing
chain 4 and the crankshaft timing sprocket 41 being one of
noise sources of the engine main body 10.

As illustrated in FIG. 16, the contact portion 56 is provided
in the main body portion 51 so as to be positioned inward of
the boss portion 55 of the end portion 53 of the retainer 550.
The contact portion 56 protrudes in the arrow X1 direction (a
front side of the drawing sheet), and has a predetermined
protrusion height. The contact portion 56 is continuously
formed from an end portion on the Z1 side toward an end
portion on the Z2 side of the main body portion 51. Accord-
ingly, as illustrated in FIG. 17, in a state where a portion of the
outer surface 20a of the TCC 520 is disposed with a gap from
the inner surface 505 of the retainer 550, the portion corre-
sponding to the vicinity of the sealing member 6, the contact
portion 56 of the retainer 550 are in contact with the surface
of'the end portion 23 on the X2 side, the surface being present
in the vicinity of the sealing member 7 and opposite to the
mounting location of the sealing member 7.

The main body portion 21 of the TCC 520 has flange-
shaped end portions 25a and 2556, and the respective cross
sections of the end portions 25a and 255 are respectively
opened to the head cover 30 (the Z1 side) and the crankcase 3
(the 72 side). The TCC 520 and the head cover 30 are joined
together using bolts (not illustrated) in a state where the end
portion 25a faces upwards an attachment portion 30a of the
head cover 30, and the TCC 520 and the crankcase 3 are
joined together using bolts (not illustrated) in a state where
the end portion 256 faces downwards the flange 36 of the
crankcase 3. Sealing members (not illustrated) are respec-
tively interposed between the end portion 25« and the attach-
ment portion 30a, and between the end portion 256 and the
flange 3b.

As illustrated in FIG. 13, in the TCC 520, the crankshaft
timing sprocket 41 and a camshaft timing sprocket 42 for
driving the camshaft 45 assembled in the cylinder head 1 are
connected to each other via the timing chain 4. A crank pulley
(not illustrated) is attached to the front end portion 40a of the
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crankshaft 40 on the outside of the TCC 520. A belt hooked
over the crank pulley drives accessories such as a water pump
for the recirculation of engine coolant, and a compressor for
the air conditioning of a vehicle, both of the water pump and
the compressor being attached to the engine 500. A rear end
portion 406 of the crankshaft 40 is connected to a power
transmission unit (not illustrated) including a transmission
and the like. The engine 500 of the fifth embodiment has the
above-mentioned configuration.

In the fifth embodiment, it is possible to obtain the follow-
ing effects.

That is, in the fifth embodiment, as described above, the
circumferential wall 526 is circumferentially provided to sur-
round the region S in which the retainer 550 and the TCC
(timing cover chain) 520 overlap with each other when seen
from the extending direction (X direction) of the crankshaft
40, and the circumferential wall 526 is circumferentially pro-
vided on the outer surface 20a of the TCC 520 so as to
protrude in the arrow X2 direction in which the retainer 550
and the TCC 520 face each other. Accordingly, it is possible to
enclose noise occurring due to vibration of the engine main
body 10 caused by the rotational operation of the crankshaft
40 or the like, or in particular, noise (operation sound result-
ing from a meshing operation between the timing chain 4 and
a crankshaft timing sprocket 41, and the like) occurring due to
vibration of moving valve system timing members which are
disposed in the TCC 520 and in the vicinity of the crankshaft
40, inside (in the region 20c¢) the circumferential wall 526
circumferentially provided on the outer surface 20a of the
TCC 520. That is, the circumferential wall 526 circumferen-
tially provided can prevent noise (radiated sound) of the
engine main body 10 from leaking to the outside. At this time,
for example, unlike a case in which vibration energy of the
TCC 520 vibrating together with the engine main body 10 is
converted into frictional energy (thermal energy), thereby
reducing the vibration of the TCC 520 and noise associated
with the vibration, since the engine 500 adopts the configu-
ration in which the noise of the engine main body 10 is
enclosed inside (in the region 20c¢) the circumferential wall
526, using the circumferential wall 526 that does not undergo
a change in mechanical properties over time, noise reduction
effects do not deteriorate (decrease) over time. As a result, it
is possible to maintain effects of reducing noise (radiated
sound), which is caused by vibration of the engine main body
10, over a long period of time.

In the fifth embodiment, since it is possible to improve the
rigidity of the resin-made TCC 520 by providing the circum-
ferential wall 526 on the outer surface 20a of the TCC 520, it
is possible to prevent vibration of the engine main body 10
from being considerably transmitted to the resin-made TCC
520. Accordingly, without being affected by long use of the
engine 500, it is possible to reduce a level of noise (radiated
sound) that is spread from the engine main body 10 to the
outside due to vibration of the TCC 520 caused by vibration
of the engine main body 10.

In the fifth embodiment, the Helmholtz resonator is formed
by the space 501 surround by the circumferential wall 526
between the retainer 550 and the TCC 520, and has a reso-
nance frequency at a maximum value of radiated sound and
neighboring values of the maximum value, by adjusting the
size of the gap T between the tip 5264 of the circumferential
wall 526 and a portion of the inner surface 505 of the retainer
550, the tip 5264 of the circumferential wall 526 facing the
portion. Accordingly, the space 501 is surrounded by the
circumferential wall 526, and thus the space 501 as the Helm-
holtz resonator can be easily formed between the retainer 550
and the TCC 520. Since the size of the gap T (the size of the
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gap T between the tip 526a of the circumferential wall 526
and the inner surface 505 of the retainer 550) in the inlet
portion (the opening portion) of the space 501 as the Helm-
holtz resonator is adjusted in such a manner that the Helm-
holtz resonator has a resonance frequency (for example, a
frequency at a maximum value of radiated sound and neigh-
boring values of the maximum value) to provide sound dead-
ening effects, the space 501 (the Helmholtz resonator) sur-
rounded by the circumferential wall 526 between the retainer
550 and the TCC 520 can effectively cancel out a specific
frequency band of noise (radiated sound) occurring due to
vibration of the engine main body 10. At this time, since the
tip 5264 of the circumferential wall 526 is not in contact with
the inner surface 506 of the retainer 550 due to the gap T, the
retainer 550 does not rub against the circumferential wall 526
(the TCC 520), and the shape of the space 501 as the Helm-
holtz resonator is maintained. As a result, unlike the case in
which vibration energy of the engine main body 10 is con-
verted into frictional energy, and thus noise is reduced, it is
possible to continuously prevent noise from being spread,
using the circumferential wall 526 that does not undergo a
change in mechanical properties over time, and it is possible
to eftectively reduce a level of noise (radiated sound) occur-
ring due to vibration of the engine main body 10, using the
space 501 that continues to function as the Helmholtz reso-
nator.

In the fifth embodiment, the engine main body 10 includes
the timing chain 4 and the crankshaft timing sprocket 41, and
when seen from the extending direction of the crankshaft 40,
the space 501 surrounded by the circumferential wall 526
between the retainer 550 and the TCC 520 is disposed so as to
overlap the meshing portion 41a between the timing chain 4
and the crankshaft timing sprocket 41. Accordingly, the cir-
cumferential wall 526 circumferentially provided when seen
from the extending direction of the crankshaft 40 can easily
surround the meshing portion 41¢ in which the timing chain
4 and the crankshaft timing sprocket 41 mesh with each other,
each of the timing chain 4 and the crankshaft timing sprocket
41 being one of noise sources of the engine main body 10.
Accordingly, noise radiated (spread) from the meshing por-
tion 41a can be effectively prevented from passing through an
overlapping region (the region 20c¢) of the TCC 520 and the
retainer 550 in the arrow X2 direction and being spread to the
outside, the overlapping region equivalent to the space 501.

In the fifth embodiment, the TCC 520 is made of resin, and
the retainer 550 is made of aluminum alloy. Accordingly, even
when the TCC 520 is made of resin so as to reduce the weight
of'the engine 500, and the retainer 550 is made of aluminum
alloy so as to accurately mount the oil seal 5 on the crankshaft
40, it is possible to effectively and easily obtain noise reduc-
tion effects (continuous reduction effects of radiated sound
occurring due to vibration of the engine main body 10) in the
engine main body 10, using the circumferential wall 526
circumferentially provided. The TCC 520 attached to the side
end portion of the engine main body 10 is made of resin, and
thus it is possible to improve sound absorbing properties with
respect to noise being spread from the engine main body 10,
compared to when the TCC 520 is made of a metallic member.

Sixth Embodiment

Subsequently, a sixth embodiment will be described with
reference to FIGS. 18 and 19. In the sixth embodiment, a
circumferential wall 626 is formed on a TCC 620, and a
circumferential wall 657 is formed on a retainer 650. The
circumferential wall 657 is an example of a “first circumfer-
ential wall” in the embodiment disclosed here, and the cir-
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cumferential wall 626 is an example of a “second circumfer-
ential wall” in the embodiment disclosed here. The retainer
650 is an example of an “oil seal fixing member” in the
embodiment disclosed here. In the drawings, the same con-
figuration elements as in the fifth embodiment are illustrated
with the same reference signs assigned to the same configu-
ration elements.

As illustrated in FIG. 19, in the configuration of an engine
600 according to the sixth embodiment disclosed here, the
retainer 650 made of aluminum alloy holds the oil seal 5.
Here, as illustrated in FIG. 18, when a back surface of the
retainer 650 is seen, the retainer 650 is provided with the
circumferential wall 657 that extends in the arrow X1 direc-
tion (a front direction of the drawing sheet) so as to keep away
from an inner surface 6505 of the main body portion 51. The
circumferential wall 657 is seamlessly circumferentially
formed in the inner surface 6505, and the inner surface 6505
is provided with a region 650¢ surrounded by the circumfer-
ential wall 657. The engine 600 is an example of an “internal
combustion engine” in the embodiment disclosed here. The
inner surface 6504 is an example of a “facing surface” in the
embodiment disclosed here.

As illustrated in FIG. 19, when the TCC 620 and the
retainer 650 are sequentially attached to the cylinder block 2
(the engine main body 10), the circumferential walls 626 and
657 surround the region S (refer to FIG. 18) in which the
retainer 650 and the TCC 620 overlap with each other. At this
time, a space 601 (a region 250c¢) is formed between the
retainer 650 and the TCC 620, and is surrounded by the
circumferential wall 657 that is circumferentially provided on
the inner surface 6505 of the inner retainer 650.

In the sixth embodiment, as illustrated in FIG. 19, the
circumferential wall 657 has the gap T between the circum-
ferential wall 657 and a portion of the outer surface 20a of the
TCC 620, the portion facing a tip 657« of the circumferential
wall 657 in the arrow X1 direction. That s, a tip 626a and the
tip 657a are not in contact with the outer surface 20a of the
TCC 620. The gap T is circumferentially formed in a plan
view. Even in the sixth embodiment, the size of the gap T is
adjusted to a predetermined size in such a manner that the
space 601 as the Helmholtz resonator has a resonance fre-
quency to provide sound deadening effects. Accordingly, in
the engine 600, the Helmholtz resonator is formed by the
space 601 between the retainer 650 and the TCC 620. The
outer surface 20qa is an example of a “facing surface” in the
embodiment disclosed here.

Accordingly, in the engine 600, the circumferential wall
626 circumferentially provided on the outer surface 20a of the
TCC 620, and the circumferential wall 657 circumferentially
provided on the inner surface 65056 of the retainer 650 prevent
noise occurring in the TCC 620 from being spread to the
outside of the engine main body 10, the noise occurring dueto
vibration of the engine main body 10 caused by the rotational
operation of the crankshaft 40 or the like. The space 601 (the
Helmholtz resonator) surrounded by the circumferential
walls 626 and 657 between the retainer 650 and the TCC 620
cancels out a specific frequency band (a frequency at a maxi-
mum value of radiated sound and neighboring values of the
maximum value) of noise (radiated sound) occurring due to
vibration of the engine main body 10. The outer surface 20a
is an example of the “facing surface” in the embodiment
disclosed here. The arrow X1 direction is an example of a
“first direction” in the embodiment disclosed here.

In the sixth embodiment, inner circumferential wall 657
and the outer circumferential wall 626 face each other with a
predetermined clearance therebetween in the direction (Y and
Z directions) orthogonal to the arrow X2 direction in which
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the crankshaft 40 extends. That is, as illustrated in FIG. 19,
complicated labyrinthine sound paths 602 are formed
between the circumferential walls 657 and 626, with prede-
termined clearances between the sound paths 602. The sound
path 602 is circumferentially formed along the circumferen-
tial wall 657 (the circumferential wall 626) in a plan view.

Accordingly, in the overlapping region S (refer to FIG. 18)
of the TCC 620 and the retainer 650, the region 650c¢ inside
the circumferential wall 657 is connected to a region (a region
positioned outward of the circumferential wall 626) other
than the region 650c in the region S via only the sound path
602 in which the TCC 620 is not in contact with (does not rub
against) the retainer 650. The resonance frequency of the
space 601 maintaining a space shape as the Helmholtz reso-
nator is set to a predetermined value, using the sound path
602. Atthe same time, a structure having high sound shielding
effects is formed in the region S by the circumferential walls
(the circumferential walls 657 and 626) having the sound path
602 and a double structure. Other configurations of the engine
600 of the sixth embodiment are the same as in the fifth
embodiment.

Inthe sixth embodiment, it is possible to obtain the follow-
ing effects.

In the sixth embodiment, the TCC 620 is provided with the
circumferential wall 626 that extends toward the retainer 650
in the arrow X2 direction, and the retainer 650 is provided
with the circumferential wall 657 which is disposed so as to
face the circumferential wall 626 with the gap T in the direc-
tion (Y and Z directions) orthogonal to the arrow X2 direction
in which the crankshaft 40 extends, and which extends toward
the TCC 620 in the arrow X1 direction. Accordingly, it is
possible to form the circumferential walls in such a manner
that the circumferential wall 626 circumferentially surrounds
the circumferential wall 657 from the outside in a plan view.
That is, since the circumferential wall (the circumferential
walls 626 and 657) has a dual structure in which the circum-
ferential wall 626 extends toward the retainer 650 from the
TCC 620, and the circumferential wall 657 extends toward
the TCC 620 from the retainer 650, it is possible to circum-
ferentially form a labyrinthine structure (a sound shielding
structure) in the vicinity of an outer edge portion of the space
601 between the retainer 650 and the TCC 620, the labyrin-
thine structure being formed by the sound path 602. Accord-
ingly, noise occurring in the TCC 620 due to vibration of the
engine main body 10 can be further prevented from leaking to
the outside of the engine main body 10.

In the sixth embodiment, the Helmholtz resonator is
formed by the space 601 surrounded by the circumferential
wall 657 between the retainer 650 and the TCC 620, and the
space 601 is set to have a predetermined resonance frequency
by adjusting the size of the gap T between the tip 626a of the
circumferential wall 626 and a portion of the inner surface
6505 of the retainer 650 the portion facing tip 626a of the
circumferential wall 626; the size of the gap T between the tip
657a of the circumferential wall 657 and a portion of the outer
surface 20a of the TCC 620, the portion facing the tip 657a of
the circumferential wall 657; and the size of the gap T
between the circumferential wall 657 and the circumferential
wall 626. Accordingly, the space 601 is surrounded by the
circumferential wall (the circumferential walls 657 and 626)
with a dual structure, and thus the space 601 as the Helmholtz
resonator can be easily formed between the retainer 650 and
the TCC 620. The size of the gap T (the size of the gap T
between the tip 626a of the circumferential wall 626 and the
inner surface 6505 of the retainer 650; the size of the gap T
between the tip 657a of the circumferential wall 657 and a
portion of the outer surface 20a of the TCC 620, the portion
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facing the tip 657a of the circumferential wall 657; and the
size of the gap T between the circumferential wall 657 and the
circumferential wall 626) of the sound path 602 which is an
inlet portion of the space 601 as the Helmholtz resonator is
adjusted in such a manner that the Helmholtz resonator has a
resonance frequency to provide sound deadening effects.
Accordingly, the space 601 (the Helmholtz resonator) sur-
rounded by the inner circumferential wall 657 can effectively
cancel out a specific frequency band of noise (radiated sound)
occurring due to vibration of the engine main body 10.

At this time, since the tip 6264 of the circumferential wall
626 is not in contact with the inner surface 6505 of the retainer
650 due to the gap T, and the tip 657a of the circumferential
wall 657 is not in contact with the outer surface 20a of the
TCC 620 due to the gap T, the retainer 650 (the circumferen-
tial wall 657) does not rub against the TCC 620 (the circum-
ferential wall 626), and the shape of the space 601 as the
Helmholtz resonator is maintained. As a result, it is possible
to prevent noise from being continuously spread, using the
circumferential wall (the circumferential walls 657 and 626)
with a dual structure, and it is possible to further and continu-
ously reduce a level of noise (radiated sound) occurring due to
vibration of the engine main body 10, using the space 601 that
continues to function as the Helmholtz resonator.

In the sixth embodiment, since it is possible to improve the
rigidity of the TCC 620 and the retainer 650 by circumferen-
tially providing not only the circumferential wall 626 on the
resin-made TCC 620 but also the circumferential wall 657 on
the metallic retainer 650, it is possible to prevent vibration of
the engine main body 10 from being considerably transmitted
to the TCC 620 and the retainer 650. Accordingly, without
being affected by long use of the engine 600, it is possible to
reduce a level of noise (radiated sound) that is spread from the
engine main body 10 to the outside due to vibration of the
TCC 620 and the retainer 650 caused by vibration of the
engine main body 10. Other effects of the sixth embodiment
are the same as in the fifth embodiment.

Seventh Embodiment

Subsequently, a seventh embodiment will be described
with reference to FIGS. 17,20, and 21. In the seventh embodi-
ment, a sound absorbing member 701 is provided in the space
501 (refer to FIG. 17) between a retainer 750 and a TCC 720,
the space 501 being formed by the circumferential wall 726 of
the TCC 720. In the drawings, the same configuration ele-
ments as in the fifth embodiment are illustrated with the same
reference signs assigned to the same configuration elements.

As illustrated in FIG. 20, in the configuration of an engine
700 according to the seventh embodiment disclosed here, the
retainer 750 holds the oil seal 5 in a state where the TCC 720
is attached to the engine main body 10 (the cylinder head 1
and the cylinder block 2). In the seventh embodiment, the
sound absorbing member 701 of a material having sound
absorbing effects is further disposed in the space 501 (refer to
FIG. 17) between the retainer 750 and the TCC 720, the space
being formed by the circumferential wall 726 of the TCC 720.
FIG. 20 is a cross-sectional view taken along line XX-XX (an
alternate long and short dash line) in FIG. 21. The engine 700
is an example of an “internal combustion engine” in the
embodiment disclosed here.

Here, the sound absorbing member 701 may be made of a
foaming material (a rubber-based foaming material) such as a
urethane material, or a fiber material such as glass wool. A
sound absorbing member of vinyl containing bubbles or the
like is applicable. That is, the sound absorbing member 701 is
preferably made of a porous material containing air layers.
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As illustrated in FIG. 21, the sound absorbing member 701
is laid in the space 501 so as to surround the crankshaft 40 and
the oil seal 5 when seen from the extending direction of the
crankshaft 40. Accordingly, the sound absorbing member 701
is disposed so as to overlap the meshing portion 41a (refer to
FIG. 20) between the timing chain 4 and the crankshaft timing
sprocket 41. Accordingly, in the seventh embodiment, the
sound absorbing member 701 effectively prevents noise of
the engine main body 10 from passing through an overlapping
region (the region 20c¢) of the TCC 720 and the retainer 750 in
the arrow X2 direction, and being spread to the outside, the
overlapping region equivalent to the space 501 (refer to FIG.
17).

As illustrated in FIG. 20, even when the sound absorbing
member 701 is laid in the space 501, some gaps remain
present in the space 501 (refer to FIG. 17) in which the TCC
720 and the retainer 750 overlap with each other. For
example, the gap T remains present between a tip 726a of a
circumferential wall 726 and the inner surface 506 of the
retainer 750. Accordingly, even when the sound absorbing
member 701 is provided in the space 501, the tip 7264 is not
circumferentially in contact with the inner surface 505, and
the retainer 750 does not rub against the circumferential wall
726 (the TCC 720). Other configurations of the engine 700 of
the seventh embodiment are the same as in the fifth embodi-
ment.

In the seventh embodiment, it is possible to obtain the
following effects.

In the seventh embodiment, as described above, the sound
absorbing member 701 is provided in the space 501 sur-
rounded by the circumferential wall 726 between the retainer
750 and the TCC 720. Accordingly, it is possible to absorb
noise (radiated sound) caused by vibration of the engine main
body 10, using the sound absorbing member 701 in the space
501 surrounded by the circumferential wall 726 between the
retainer 750 and the TCC 720. Accordingly, in the engine 700,
even at this time, unlike the case in which vibration energy of
the engine main body 10 is converted into frictional energy,
and thus noise is reduced, it is possible to continuously pre-
vent noise from being spread, using the circumferential wall
726 that does not undergo a change in mechanical properties
over time, and it is possible to continuously obtain noise
reduction effects, using the sound absorbing member 701 for
the absorption of noise. As a result, it is possible to more
effectively prevent noise (radiated sound) occurring due to
vibration of the engine main body 10. Other effects of the
seventh embodiment are the same as in the fifth embodiment.

Eighth Embodiment

Subsequently, an eighth embodiment will be described
with reference to FIGS. 17, 20, 22, and 23. In the eighth
embodiment, unlike the seventh embodiment in which the
sound absorbing member 701 (refer to FIG. 20) are disposed
in the most part of the space 501 (refer to FIG. 17), a sound
absorbing member 801 is partially provided in the space 501.
In the drawings, the same configuration elements as in the
seventh embodiment are illustrated with the same reference
signs assigned to the same configuration elements.

As illustrated in FIG. 23, in the configuration of an engine
800 according to the eighth embodiment disclosed here, the
sound absorbing member 801 made of a material having
sound absorbing effects is disposed in the space 501 between
aretainer 850 and a TCC 820, the space 501 being formed by
a circumferential wall 826 of the TCC 820. The engine 800 is
an example of an “internal combustion engine” in the
embodiment disclosed here.
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Here, in the eighth embodiment, as illustrated in FIGS. 22
and 23, the sound absorbing member 801 is partially filled up
in the space 501. That is, the space 501 includes a region in
which the sound absorbing member 801 is filled up (dis-
posed), and a region in which the sound absorbing member
801 is not filled up (disposed) but which includes an air layer.
Accordingly, in a state where the sound absorbing member
801 is partially disposed in the space 501, the size of the gap
T is adjusted in such a manner that the space 501 as a space
structure (a space structure that is formed by the circumfer-
ential wall 826; the region 20c¢ (the outer surface 20a) of the
TCC 820; and a portion of the inner surface 505 of the retainer
850, the portion facing the region 20¢) has a resonance fre-
quency to provide sound deadening effects. Here, the gap T is
a gap between a tip 826a of the circumferential wall 826 and
a portion of the inner surface 506 of the retainer 850, the
portion facing the tip 826a. FIG. 22 is a cross-sectional view
taken along line XXII-XXII (an alternate long and short dash
line) in FIG. 23.

As illustrated in FIG. 23, the sound absorbing member 801
is disposed in the space 501 so as to surround the crankshaft
40 and the oil seal 5. The sound absorbing member 801 is
disposed so as to overlap the meshing portion 41a between
the timing chain 4 and the crankshaft timing sprocket 41.
Other configurations of the engine 800 of the eighth embodi-
ment are the same in the fifth embodiment.

In the eighth embodiment, it is possible to obtain the fol-
lowing effects.

In the eighth embodiment, as described above, since the
sound absorbing member 801 is partially filled up in the space
501, the space 501 includes the region in which the sound
absorbing member 801 is filled up (disposed), and the region
in which the sound absorbing member 801 is not filled up
(disposed) but which includes an air layer. Accordingly, even
when the sound absorbing member 801 is disposed in the
space 501, the space 501 as a space structure can function as
the Helmholtz resonator to provide sound deadening effects
in a specific frequency band. Accordingly, in the engine 800,
it is possible to obtain sound absorbing effects using the
sound absorbing member 801, and it is possible to continu-
ously reduce a level of noise (radiated sound) occurring due to
vibration of the engine main body 10, using the space 501 as
a space structure which continuously functions as the Helm-
holtz resonator.

In the eighth embodiment, the sound absorbing member
801 is disposed in the space 501 so as to surround the crank-
shaft 40 and the oil seal 5, and overlap the meshing portion
41a between the timing chain 4 and the crankshaft timing
sprocket 41. Accordingly, in the engine 800, even when the
sound absorbing member 801 is partially disposed in the
space 501, noise of the engine main body 10 including noise
radiated from the meshing portion 41a can be effectively
prevented from passing through an overlapping region (the
region 20c¢) of the TCC 820 and the retainer 850 in the arrow
X2 direction and being spread to the outside, the overlapping
region equivalent to the space 501. Other effects of the eighth
embodiment are the same as in the seventh embodiment.

It can be considered that the embodiments disclosed here
are exemplified in all respects, and this disclosure is not
limited to the embodiments. The scope of this disclosure is
not given by the descriptions of the embodiments but by the
appended claims, and includes all of modifications insofar as
the modifications do not depart from meaning and a scope
equal to the appended claims.

For example, in the first to eighth embodiments and the
modification example of the first embodiment, a portion of
the outer circumferential portion 545 of the boss portion 54 in
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the retainer 50 (150, 250,350, 550, 750, 850) is formed by the
side end surface 54¢ extending linearly along the Z direction,
the portion being in contact with the side end surface 23a of
the end portion 23 of the TCC 20 (320, 420, 520, 620, 720,
820). However, this disclosure is not limited to the embodi-
ments disclosed here. That is, the outer circumferential por-
tion 545 of the boss portion 54 may have a circular shape.
Even when the outer circumferential portion 545 having a
circular shape is in line contact with the side end surface 23a
of'the TCC 20, it is possible to determine the position of the
TCC 20 with respect to the retainer 50 in the Y direction (Y1
and Y2 directions).

In the second embodiment, a portion of the outer circum-
ferential portion 2555 of the boss portion 255 in the retainer
250 is formed by the side end surface 255¢ extending linearly
along the Z direction, the portion being in contact with the
side end surface 23a of the end portion 23 of the TCC 20.
However, this disclosure is not limited to the embodiment
disclosed here. That is, the outer circumferential portion 2555
of'the boss portion 255 may have a circular shape. Even when
the outer circumferential portion 2555 having a circular shape
is in line contact with the side end surface 23a of the TCC 20,
it is possible to determine the position of the TCC 20 with
respect to the retainer 250 in the Y direction (Y1 and Y2
directions).

Inthe second embodiment, the annular contact portion 257
of'the retainer 250 is formed around the boss portion 52 of the
main body portion 51. However, this disclosure is not limited
to the embodiment disclosed here. That is, when the retainer
250 is provided with the “second chain cover contact portion”
that is brought into contact with a portion of the outer surface
20a of the TCC 20 in the X1 direction, the portion corre-
sponding to the vicinity ofthe sealing member 6, for example,
the contact portion may have a partial arc shape other than an
annular shape.

In the first to eighth embodiments and the modification
example of the first embodiment, the contact portion 56 of the
retainer 50 (150, 250, 350, 550, 650, 750, 850) is continu-
ously formed from the end portion on the Z1 side toward the
end portion on the 7Z2 side of the main body portion 51.
However, this disclosure is not limited to the embodiments
disclosed here. When the retainer 250 is provided with the
“first chain cover contact portion” that is brought into contact
with a portion of the outer surface 20a ofthe TCC 20 in the X1
direction, the portion corresponding to the vicinity of the
sealing member 7, the contact portion may not continuously
form from the end portion on the Z1 side toward the end
portion on the 72 side.

In the fourth embodiment, the annular engagement portion
28 of the TCC 420 is formed around the through hole 22a.
However, this disclosure is not limited to the embodiment
disclosed here. When the TCC 420 is provided with the “oil
seal fixing member engaging portion” in such a manner that
the lower surface of the engagement claw 28a is brought into
contact with the stopping portion 525 from the X2 side toward
the X1 side, and thus the TCC 420 is held (fixed) by the inner
surface 505 of the retainer 50, for example, the engagement
portion may have a partial arc shape other than an annular
shape.

In the third embodiment, the side end surface 23a is in
contact with the side end surface 54¢, and the outer circum-
ferential portion 555 is fitted into the fitting hole 274, thereby
determining the position of the TCC 320 with respect to the
retainer 350 in the direction orthogonal to the X direction.
However, this disclosure is not limited to the embodiment
disclosed here. That is, the position of the TCC 320 may be
determined with respect to the retainer 350 in the direction
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orthogonal to the X direction, only by fitting the outer cir-
cumferential portion 555 into the fitting hole 27a.

In the third embodiment, the position of the TCC 320 may
be determined with respect to the retainer 350 in the direction
orthogonal to the X direction, only by fitting the columnar
outer circumferential portion 555 into the columnar fitting
hole 27a. However, this disclosure is not limited to the
embodiment disclosed here. That is, insofar as the fitting hole
27a and the outer circumferential portion 556 can be fitted
into each other, for example, an inner circumferential surface
of'the fitting hole 27a and an outer circumferential surface of
the outer circumferential portion 556 may have a polygonal
shape other than a circular shape.

In the first to eighth embodiments and the modification
example of the first embodiment, the sealing member 7 is set
to have a height dimension greater than that of the sealing
member 6, and thus the reaction force F1 of the sealing
member 7 against the TCC 20 is set to be greater than the
reaction force F2 of the sealing member 6 against the TCC 20.
However, this disclosure is not limited to the embodiment
disclosed here. For example, the reaction force F1 of the
sealing member 7 against the TCC 20 may be set to be greater
than the reaction force F2 of the sealing member 6 against the
TCC 20 by setting the shape (the height in a natural state) of
the sealing member 7 to be the same as that of the sealing
member 6, and in contrast, the material hardness of the seal-
ing member 7 to be different from that of the sealing member
6.

In the first to eighth embodiments and the modification
example of'the first embodiment, the main body portion 51 of
the retainer 50 (150, 250, 350, 550, 650, 750, 850) is provided
with the contact portion 56 that protrudes in the X direction,
and is in contact with a portion of the outer surface 20q of the
TCC 20 (320, 420, 520, 620, 720, 820), the portion corre-
sponding to the vicinity of the sealing member 7. However,
this disclosure is not limited to the embodiments disclosed
here. For example, the retainer 50 may be provided with the
“first chain cover contact portion™ that does not protrude in
the X1 direction. At this time, in the vicinity of the sealing
member 7, a flat back surface (the inner surface 5056) of the
retainer 50 may be in contact with the flat outer surface 20a of
the TCC 20. The outer surface 20a may be provided with a
convex portion that protrudes in the X2 direction (toward the
retainer 50), and the flat back surface (the inner surface 5056)
of the retainer 50 may be in contact with the convex portion.
It is preferably possible to determine the position of the TCC
20 relative to the retainer 50 in the height direction (the X
direction), using the “first chain cover contact portion” in the
embodiments disclosed here.

In the second and third embodiments, the main body por-
tion 51 of the retainer 250 (350) is provided with the contact
portion 257 that protrudes in the X direction, and is in contact
with a portion of the outer surface 204 of the TCC 20 (320),
the portion corresponding to the vicinity of the sealing mem-
ber 6. However, this disclosure is not limited to the embodi-
ments disclosed here. For example, the retainer 250 may be
provided with the “second chain cover contact portion™ that
does not protrude in the X1 direction. At this time, in the
vicinity of the sealing member 6, a flat back surface (the inner
surface 6505) of the retainer 250 may be in contact with the
flat outer surface 20a of the TCC 20. The outer surface 20a
may be provided with a convex portion that protrudes in the
X2 direction (toward the retainer 250), and the flat back
surface (the inner surface 6505) of the retainer 250 may be in
contact with the convex portion. It is preferably possible to
determine the position of the TCC 20 relative to the retainer
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250 in the height direction (the X direction), using the “sec-
ond chain cover contact portion” in the embodiments dis-
closed here.

In the fifth embodiment, the space 501 is configured when
the circumferential wall 526 is formed on the outer surface
204 of the TCC 520 so as to extend toward the inner surface
5056 of the retainer 550. However, this disclosure is not limited
to the embodiment disclosed here. That is, as illustrated in the
sixth embodiment, the “space” in embodiments disclosed
here may be configured when the circumferential wall 526 is
not formed, but only the circumferential wall 657 is formed
on the inner surface 6505 of the retainer 650 so as to extend
toward the outer surface 20a of the TCC 520.

In the fifth embodiment, the space 501 is configured when
the circumferential wall 526 is formed on the outer surface
20a of the TCC 520 so as to extend toward the flat inner
surface 505 ofthe retainer 550. However, this disclosure is not
limited to the embodiment disclosed here. That is, the “space”
in embodiment disclosed here may be configured when the
circumferential walls protrude from the outer surface 20a of
the TCC 520 and the inner surface 505 of the retainer 550,
respectively, in such a manner that the respective tips of the
circumferential walls face each other with a predetermined
gap present therebetween in the X direction (the first direc-
tion). Even in the configuration of the modification example,
the “space” in the embodiment disclosed here can be provided
between the TCC 520 and the retainer 550, and the space can
function as the Helmholtz resonator.

In the sixth embodiment, the dual structure of the “circum-
ferential wall” in the embodiment disclosed here is config-
ured when the circumferential walls 626 and 657 are respec-
tively formed in the TCC 620 and the retainer 650. However,
this disclosure is not limited to the embodiment disclosed
here. For example, a single or a dual “circumferential wall” in
the embodiment disclosed here may be further formed inside
the circumferential wall 657. As such, when the multiple
“circumferential walls” in the embodiment disclosed here are
formed in the region S in which the TCC 620 and the retainer
650 overlap with each other, it is possible to further improve
continuous effects of shielding noise of the engine main body
10.

In the fifth to eighth embodiments, the “circumferential
wall” in the embodiments disclosed here is circumferentially
formed along the exterior shape of the main body portion 51
of' the retainer 550 (650, 750, 850). However, this disclosure
is not limited to the embodiments disclosed here. The “cir-
cumferential wall” in the embodiments disclosed here may
have a two-dimensional shape other than the above-men-
tioned shape. For example, the “circumferential wall” in the
embodiments disclosed here may have a circular shape or an
elliptical shape (elongated hole shape) so as to surround the
crankshaft 40 and the oil seal 5. The space formed by the
circumferential wall between the retainer 550 (650, 750, 850)
and the TCC 520 (620, 720, 820) is preferably positioned so
as to overlap the meshing portion 41a between the timing
chain 4 and the crankshaft timing sprocket 41, or to be posi-
tioned outward of the meshing portion 41a.

In the fifth to eighth embodiments, the circumferential wall
526 (626, 726, 826) is seamlessly circumferentially formed,
but this disclosure is not limited to the embodiments disclosed
here. That is, insofar as the circumferential wall is circumfer-
entially provided so as to surround the region S in which the
retainer 550 (650, 750, 850) and the TCC 520 (620, 720, 820)
overlap each other, a part of the circumferential wall may be
cut away. At this time, end portions of cut-away parts of the
circumferential wall and the vicinity thereof may face each
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other (overlap with each other) with a predetermined gap
present therebetween in the second direction (Y directionor Z
direction).

In the seventh embodiment, the sound absorbing member
701 is laid unlike the seventh embodiment in which the sound
absorbing member 701 are disposed to be laid in the most part
of the space 501, but this disclosure is not limited to the
embodiment disclosed here. For example, a plurality of the
divided “sound absorbing members” may be disposed so as to
form an island shape in the space 501.

In the sixth embodiment, the dual structure of the “circum-
ferential wall” in the embodiment disclosed here is config-
ured when the circumferential walls 626 and 657 are respec-
tively formed in the TCC 620 and the retainer 650, but this
disclosure is not limited to the embodiment disclosed here.
That is, the sound absorbing member 701 illustrated in the
seventh embodiment may be laid in the space 601 inside the
circumferential wall having a dual structure, and the sound
absorbing member 801 illustrated in the eighth embodiment
may be disposed in the space 601 inside the circumferential
wall having a dual structure in a state where a part of the space
601 remains empty (the space 601 is present).

In the first to eighth embodiments and the modification
example of the first embodiment, the retainer 50 (150, 250,
350, 550, 650, 750, 850) is made of aluminum alloy, but this
disclosure is not limited to the embodiments disclosed here.
That is, the “oil seal fixing member” in the embodiments
disclosed here may be made of a metallic material other than
aluminum alloy.

In the first to eighth embodiments and the modification
example of the first embodiment, the TCC 20 (320, 420, 520,
620, 720, 820) is made of a resin material such as nylon 66,
but this disclosure is not limited to the embodiments disclosed
here. That is, the “chain cover” in the embodiments disclosed
here may be made of a resin material other than nylon 66, and
the “chain cover” in the embodiments disclosed here may be
made of a material other than a resin material.

In the first to eighth embodiments and the modification
example of the first embodiment, this disclosure is applied to
the gasoline engine 100 for a vehicle, but this disclosure is not
limited to the embodiments disclosed here. That is, insofar as
internal combustion engines have a crankshaft, this disclo-
sure may be applied to the structure of a chain cover of gas
engines (internal combustion engines such as a diesel engine
and a gas engine) other than a gasoline engine. For example,
this disclosure may be applied to the structure of a chain cover
of an internal combustion engine that is mounted as a drive
source (power source) of equipment other than a vehicle.

An internal combustion engine according to an aspect of
this disclosure includes a chain cover that is attached to an
internal combustion engine main body having a crankshaft;
an oil seal that is mounted on the crankshaft in the vicinity of
the chain cover; a metallic oil seal fixing member that is
disposed on a surface of the chain cover, the surface being
present opposite to the internal combustion engine main
body, and fixes the oil seal; and a first sealing member that is
disposed between the oil sealing fixing member and the chain
cover.

According to the aspect of this disclosure, as described
above, since the internal combustion engine includes the
chain cover that is attached to the internal combustion engine
main body; and the metallic oil seal fixing member that is
disposed on the surface of the chain cover and fixes the oil
seal, the surface being present opposite to the internal com-
bustion engine main body, and the first sealing member is
provided between the oil seal fixing member and the chain
cover, in the structure of the chain cover in which the chain
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cover is attached to the internal combustion engine main
body, and the oil seal fixing member is disposed on an outer
surface of the chain cover, the first sealing member provided
between the chain cover and the oil seal fixing member is
squeezed, and thus it is possible to bring the first sealing
member into close contact with the respective facing surfaces
of the chain cover and the oil seal fixing member. Accord-
ingly, oil in the internal combustion engine main body can be
sealed around a portion of the crankshaft, the portion being
provided with the oil seal, and it is possible to prevent the oil
in the internal combustion engine main body from leaking to
the outside via a gap in which the chain cover and the oil seal
fixing member overlap with each other, using the sealing
function of the first sealing member. As a result, even when
the oil seal is mounted on the crankshaft via the oil seal fixing
member formed separately from the chain cover, it is possible
to secure sealing properties between the chain cover and the
oil seal fixing member.

In the internal combustion engine according to the aspect,
it is preferable that the internal combustion engine further
includes a second sealing member that is disposed between
the chain cover and the internal combustion engine main
body. In this configuration, it is possible to prevent oil from
leaking to the outside via a gap between the chain cover and
the oil seal fixing member, using the sealing function of the
first sealing member, and it is possible to prevent oil from
leaking to the outside of the internal combustion engine main
body via a gap between the internal combustion engine main
body and the chain cover, using the sealing function of the
second sealing member. As a result, it is possible to further
maintain sealing properties of the internal combustion
engine.

In the configuration in which the internal combustion
engine further includes the second sealing member, it is pref-
erable that the oil seal fixing member includes a first chain
cover contact portion that is in contact with the chain cover in
the vicinity of the second sealing member, and in a state
where a first gap is provided between the chain cover and the
internal combustion engine main body by the second sealing
member, the first chain cover contact portion is brought into
contact with the chain cover from the oil seal fixing member
toward the chain cover in a first direction. In this configura-
tion, in a state where the first chain cover contact portion of
the oil seal fixing member prevents a portion of the chain
cover in the vicinity of the second sealing member from being
excessively floated in a direction in which the first gap
increases, it is possible to dispose the chain cover in such a
manner that the second sealing member appropriately sepa-
rates the chain cover from the internal combustion engine
main body by the first gap. Accordingly, it is possible to
reliably determine the position of the chain cover in a height
direction (the first direction) with respect to the internal com-
bustion engine main body in the vicinity of the second sealing
member, and it is possible to prevent an unexpected external
force or vibration of the internal combustion engine main
body from shaking the chain cover that is disposed separately
from the internal combustion engine main body by the first
gap.

In the configuration in which the internal combustion
engine further includes the second sealing member, it is pref-
erable that in a state where the chain cover and the oil seal
fixing member are assembled to the internal combustion
engine main body, a reaction force of the second sealing
member against the chain cover is set to be greater than a
reaction force of the first sealing member against the chain
cover. In this configuration, it is possible to prevent the reac-
tion force of the first sealing member against the chain cover
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from causing the second sealing member to be excessively
squeezed in the first direction in which the first gap decreases.
That is, the squeezing of the second sealing member is appro-
priately maintained, and thus it is possible to keep the sealing
function of the second sealing member. As a result, it is
possible to reliably prevent oil from leaking to the outside via
a gap (the first gap) between the internal combustion engine
main body and the chain cover, using the sealing function of
the second sealing member. Since the second sealing member
is not excessively deformed, it is possible to prevent deterio-
ration of the second sealing member, and thus deterioration in
the durability of the second sealing member.

In the internal combustion engine according to the aspect,
it is preferable that the internal combustion engine further
includes a pin member that is provided in the internal com-
bustion engine main body so as to protrude toward the oil seal
fixing member, and the oil seal fixing member includes a
positioning hole which is fitted onto the pin member, and thus
determines the position of the oil seal fixing member with
respect to the internal combustion engine main body. In this
configuration, the pin member of the internal combustion
engine main body inserted (fitted) into the positioning hole
provided in the metallic oil seal fixing member, and thus it is
possible to improve the accuracy of the fixing position of the
oil seal fixing member with respect to the internal combustion
engine main body. As a result, it is possible to maintain a high
accuracy of the mounting position of the oil seal with respect
to the crankshaft.

In the internal combustion engine according to the aspect,
it is preferable that the oil seal fixing member includes a first
positioning portion that is brought into contact with the chain
cover in a second direction orthogonal to an extending direc-
tion of the crankshaft, and thus determines the position of the
chain cover with respect to the oil seal fixing member in the
second direction. In this configuration, it is possible to appro-
priately maintain the attachment position of the chain cover
with respect to the oil seal fixing member in the second
direction (a direction orthogonal to the crankshaft), using the
first positioning portion of the oil seal fixing member. Accord-
ingly, it is possible to appropriately maintain a relative posi-
tional relationship between the oil seal fixing member and the
chain cover in the second direction orthogonal to the crank-
shaft, the oil seal fixing member and the chain cover facing
each other with the first sealing member interposed therebe-
tween. [tis possible to prevent an unexpected external force or
vibration of the internal combustion engine main body from
causing a positional deviation of the chain cover in the second
direction.

In the configuration in which the oil seal fixing member
includes the first positioning portion, it is preferable that the
first positioning portion includes an outer circumferential
portion of an attachment boss having an attachment hole for
attaching the oil seal fixing member to the internal combus-
tion engine main body. In this configuration, since it is pos-
sible to use the outer circumferential portion of the attach-
ment boss of the oil seal fixing member as the first positioning
portion that determines the position of the chain cover with
respect to the oil seal fixing member in the second direction,
it is not necessary to provide the dedicated first positioning
portion, and it is possible to simplify the configuration of the
oil seal fixing member to that extent.

In this case, it is preferable that the chain cover includes a
second positioning portion having an attachment boss fitting
hole into which the attachment boss is inserted and fittable,
and the first positioning portion having the outer circumfer-
ential portion of the attachment boss of the oil seal fixing
member and the second positioning portion having the attach-
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ment boss fitting hole of the chain cover determine the posi-
tion of the chain cover with respect to the oil seal fixing
member in the second direction. In this configuration, the
outer circumferential portion (the first positioning portion) of
the attachment boss of the oil seal fixing member is circum-
ferentially fitted into the attachment boss fitting hole (the
second positioning portion) of the chain cover, and thus it is
possible to easily determine the position of the chain cover
with respect to the oil seal fixing member in the second
direction. Since the first positioning portion is circumferen-
tially fitted into the second positioning portion, it is possible
to improve the accuracy of the positioning of the chain cover
with respect to the oil seal fixing member in the second
direction orthogonal to the crankshaft.

In the internal combustion engine according to the aspect,
it is preferable that the oil seal fixing member includes a
second chain cover contact portion that is in contact with the
chain cover in the vicinity of the first sealing member and in
a state where a second gap is provided between the oil seal
fixing member and the chain cover by the first sealing mem-
ber, the second chain cover contact portion is brought into
contact with the chain cover from the oil seal fixing member
toward the chain cover in the first direction. In this configu-
ration, it is possible to maintain the second gap between the
chain cover and the oil seal fixing member to a constant
distance, using the second chain cover contact portion of the
oil seal fixing member, and thus it is possible to appropriately
maintain the squeezing of the first sealing member provided
between the chain cover and the oil seal fixing member.
Accordingly, it is possible to stably maintain sealing proper-
ties between the chain cover and the oil seal fixing member.

In the internal combustion engine according to the aspect,
it is preferable that the chain cover includes an oil seal fixing
member engaging portion that is engaged with a portion of the
oil seal fixing member in the vicinity of the first sealing
member via a crankshaft insertion hole of the oil seal fixing
member, the portion being present opposite to the chain
cover, and in a state where the second gap is provided between
the oil seal fixing member and the chain cover by the first
sealing member, the oil seal fixing member engaging portion
is brought into contact with the oil seal fixing member from
the portion of the oil seal fixing member toward the oil seal
fixing member in the first direction, the portion being present
opposite to the chain cover. In this configuration, since it is
possible to maintain the second gap between the chain cover
and the oil seal fixing member to a constant distance, in a state
where the chain cover is disposed with respect to the oil seal
fixing member in the first direction (toward the internal com-
bustion engine main body), using the oil seal fixing member
engaging portion, it is possible to appropriately maintain the
squeezing of the first sealing member provided between the
chain cover and the oil seal fixing member. Accordingly, it is
possible to stably maintain sealing properties between the
chain cover and the oil seal fixing member. Since itis possible
to easily hold the chain cover in the first direction (toward the
internal combustion engine main body) using the oil seal
fixing member engaging portion, it is possible to easily pre-
vent an unexpected external force or vibration of the internal
combustion engine main body from causing the chain cover
to fall off from the oil seal fixing member, the chain cover
being disposed separately from the oil seal fixing member by
the second gap.

In this case, it is preferable that the oil seal fixing member
engaging portion is also brought into contact with an inner
surface of the crankshaft insertion hole of the oil seal fixing
member, and thus also serves to determine the position of the
chain cover with respect to the oil seal fixing member in the
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second direction orthogonal to the extending direction of the
crankshaft. In this configuration, it is possible to appropri-
ately maintain a relative positional relationship between the
chain cover and the oil seal fixing member in the second
direction orthogonal to the crankshaft, using the oil seal fixing
member engaging portion of the chain cover. Accordingly, it
is possible to appropriately maintain the relative positional
relationship between the chain cover and the oil seal fixing
member which face each other with the first sealing member
interposed therebetween. It is possible to prevent an unex-
pected external force or vibration of the internal combustion
engine main body from causing a positional deviation of the
chain cover in the second direction.

In the internal combustion engine according to the aspect,
it is preferable that at least one of the oil seal fixing member
and the chain cover includes a circumferential wall that is
circumferentially provided so as to surround an overlapping
region of the oil seal fixing member and the chain cover when
seen from the extending direction of the crankshaft, and pro-
trudes in the first direction in which the oil seal fixing member
and the chain cover face each other.

In the internal combustion engine according to an aspect of
this disclosure, at least one of the oil seal fixing member and
the chain cover includes a circumferential wall that is circum-
ferentially provided so as to surround an overlapping region
of the oil seal fixing member and the chain cover when seen
from the extending direction of the crankshaft, and protrudes
in the first direction in which the oil seal fixing member and
the chain cover face each other. Accordingly, it is possible to
enclose noise occurring due to vibration of the internal com-
bustion engine main body caused by the rotational operation
of'the crankshaft or the like, or in particular, noise (operation
sound resulting from a meshing operation between a timing
chain and a crankshaft timing sprocket, and the like) occur-
ring due to vibration of moving valve system timing members
which are disposed in the chain cover and in the vicinity of the
crankshaft, inside the circumferential wall that circumferen-
tially surrounds the overlapping region of the oil seal fixing
member and the chain cover. That is, the circumferential wall
circumferentially provided can prevent noise (radiated
sound) of the internal combustion engine main body from
leaking (being spread) to the outside. At this time, for
example, unlike a case in which vibration energy of the chain
cover vibrating together with the internal combustion engine
main body is converted into frictional energy (thermal
energy), thereby reducing the vibration of the chain cover and
noise associated with the vibration, since the internal com-
bustion engine adopts the configuration in which the noise of
the internal combustion engine main body is enclosed inside
the circumferential wall, using the circumferential wall that
does not undergo a change in mechanical properties over
time, noise reduction effects do not deteriorate (decrease)
over time. As a result, it is possible to maintain effects of
reducing noise, which is caused by vibration of the internal
combustion engine main body, over a long period of time.

In the internal combustion engine according to the aspect,
since it is possible to improve the rigidity of the oil seal fixing
member and the chain cover by providing the circumferential
wall in at least one of the oil seal fixing member and the chain
cover, it is possible to prevent vibration of the internal com-
bustion engine main body from being considerably transmit-
ted to the oil seal fixing member and the chain cover. Accord-
ingly, without being affected by long use of the internal
combustion engine, it is possible to reduce a level of noise
(radiated sound) that is spread from the internal combustion
engine main body to the outside due to vibration of the oil seal
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fixing member and the chain cover caused by vibration of the
internal combustion engine main body.

In the internal combustion engine according to the aspect,
it is preferable that a Helmholtz resonator is formed by a
space surrounded by the circumferential wall between the oil
seal fixing member and the chain cover, and the size of a gap
is adjusted in such a manner that the space is set to have a
predetermined resonance frequency, the gap being present
between a tip of the circumferential wall and a portion of a
facing surface of at least one of the oil seal fixing member and
the chain cover, the portion facing the tip of the circumferen-
tial wall. In this configuration, the space is surrounded by the
circumferential wall, and thus the space as the Helmholtz
resonator can be easily formed between the oil seal fixing
member and the chain cover. Since the size of the gap (a gap
between the tip of the circumferential wall and at least one of
the respective facing surfaces of the oil seal fixing member
and the chain cover) in an inlet portion of the space as the
Helmholtz resonator is adjusted in such a manner that the
Helmholtz resonator has a resonance frequency (for example,
afrequency at a maximum value of radiated sound and neigh-
boring values of the maximum value) to provide sound dead-
ening eftects, the space (the Helmholtz resonator) surrounded
by the circumferential wall between the oil seal fixing mem-
ber and the chain cover can effectively cancel out a specific
frequency band (a frequency at a maximum value of radiated
sound and neighboring values of the maximum value) of
noise (radiated sound) occurring due to vibration of the inter-
nal combustion engine main body. At this time, since the tip of
the circumferential wall is not in contact with the facing
surface due to the gap, the oil seal fixing member does not rub
against the chain cover (circumferential wall), and the shape
of the space as the Helmholtz resonator is maintained. As a
result, unlike the case in which vibration energy of the inter-
nal combustion engine main body is converted into frictional
energy, and thus noise is reduced, it is possible to continu-
ously prevent noise from being spread, using the circumfer-
ential wall that does not undergo a change in mechanical
properties over time, and it is possible to effectively reduce a
level of noise (radiated sound) occurring due to vibration of
the internal combustion engine main body, using the space
that continues to function as the Helmholtz resonator. The
“size of the gap” in this disclosure indicates not only the size
of'the gap between the tip of the circumferential wall and the
facing surface of the oil seal fixing member or the chain cover,
the facing surface facing the tip, in one cross section when the
oil seal fixing member and the chain cover are disposed so as
to face each other, but also, in a broad sense, a circumferential
length when the gap surrounds the space (the Helmholtz
resonator) circumferentially along the circumferential wall.
That is, this is because that Helmholtz resonance occurs based
on a ratio of'a volume (a volume obtained by multiplying the
width, the clearance (the size of the gap), and the circumfer-
ential length of the tip of the circumferential wall) between
the tip of the circumferential wall and the surface facing the
tip, and a space volume (the volume of the Helmholtz reso-
nator).

In the internal combustion engine according to the aspect,
it is preferable that the circumferential wall includes a first
circumferential wall that extends from the oil seal fixing
member toward the chain cover, and a second circumferential
wall that is disposed so as to face the first circumferential
wall, with a predetermined gap from the first circumferential
wall in the second direction orthogonal to the first direction in
which the crankshaft extends. In this configuration, it is pos-
sible to form the circumferential walls in such a manner that
one of the first and second circumferential walls circumfer-
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entially surrounds the other of the circumferential walls from
the outside in a plan view. That is, since the circumferential
wall has at least a dual structure in which the first circumfer-
ential wall extends toward the chain cover from the oil seal
fixing member, and the second circumferential wall extends
toward the oil seal fixing member from the chain cover, it is
possible to circumferentially form a labyrinthine structure (a
sound shielding structure) in the vicinity of an outer edge
portion of the space between the oil seal fixing member and
the chain cover. Accordingly, noise occurring in the chain
cover due to vibration of the internal combustion engine main
body can be further prevented from leaking to the outside of
the internal combustion engine main body.

In the internal combustion engine according to the aspect,
it is preferable that the internal combustion engine further
includes a sound absorbing member that is provided in the
space surrounded by the circumferential wall between the oil
seal fixing member and the chain cover. In this configuration,
it is possible to absorb noise (radiated sound) caused by
vibration of the internal combustion engine main body, using
the sound absorbing member in the space surrounded by the
circumferential wall between the oil seal fixing member and
the chain cover. Accordingly, even at this time, it is possible to
continuously prevent noise from being spread, using the cir-
cumferential wall that does not undergo a change in mechani-
cal properties over time, and it is possible to continuously
obtain noise reduction effects, using the sound absorbing
member for the absorption of noise. As a result, it is possible
to more effectively prevent noise (radiated sound) occurring
due to vibration of the internal combustion engine main body.

In this disclosure, the internal combustion engine accord-
ing to the aspect may have the following configuration.

That is, in the internal combustion engine according to the
aspect, the chain cover is made of resin. In this configuration,
even when the resin-made chain cover having a relatively
large coefficient of thermal expansion and being likely to
undergo a positional deviation due to thermal strain is
attached to the internal combustion engine main body, it is
possible to secure the accuracy of the mounting position of
the oil seal with respect to the crankshaft, using the metallic
oil seal fixing member. Even when the chain cover is likely to
undergo a positional deviation due to thermal strain, oil is
securely sealed by the first sealing member interposed
between the chain cover and the oil sealing fixing member,
and thus it is possible to easily reduce the weight of the
internal combustion engine, using the resin-made chain
cover.

According to the aspect of this closure, as described above,
even when an oil seal is mounted on a crankshaft via an oil
seal fixing member formed separately from a chain cover, itis
possible to provide an internal combustion engine and the
structure of the chain cover of the internal combustion engine
in which sealing properties between the chain cover and the
oil seal fixing member can be secured.

The principles, preferred embodiment and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which is intended
to be protected is not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spirit
of'the present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which fall
within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.
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What is claimed is:

1. An internal combustion engine comprising:

a chain cover that is attached to an internal combustion
engine main body having a crankshaft;

an oil seal that is mounted on the crankshaft in the vicinity
of the chain cover;

a metallic oil seal fixing member that is disposed on a
surface of the chain cover and fixes the oil seal, the
surface being present opposite to the internal combus-
tion engine main body;

a first sealing member that is disposed between the oil
sealing fixing member and the chain cover;

a second sealing member that is disposed between the
chain cover and the internal combustion engine main
body;

wherein the oil seal fixing member includes a first chain
cover contact portion that is in contact with the chain
cover in a vicinity of the second sealing member, and

wherein in a state where a first gap is provided between the
chain cover and the internal combustion engine main
body by the second sealing member, the first chain cover
contact portion is brought into contact with the chain
cover from the oil seal fixing member toward the chain
cover in a first direction.

2. The internal combustion engine according to claim 1,

wherein in a state where the chain cover and the oil seal
fixing member are assembled to the internal combustion
engine main body, a reaction force of the second sealing
member against the chain cover is set to be greater than
a reaction force of the first sealing member against the
chain cover.

3. The internal combustion engine according to claim 1,

further comprising:

a pin member that is provided in the internal combustion
engine main body so as to protrude toward the oil seal
fixing member,

wherein the oil seal fixing member includes a positioning
hole which is fitted onto the pin member, and thus deter-
mines the position of the oil seal fixing member with
respect to the internal combustion engine main body.

4. The internal combustion engine according to claim 1,

wherein the oil seal fixing member includes a first posi-
tioning portion that is brought into contact with the chain
cover in a second direction orthogonal to an extending
direction of the crankshaft, and thus determines the posi-
tion of the chain cover with respect to the oil seal fixing
member in the second direction.

5. The internal combustion engine according to claim 4,

wherein the first positioning portion includes an outer cir-
cumferential portion of an attachment boss having an
attachment hole for attaching the oil seal fixing member
to the internal combustion engine main body.

6. The internal combustion engine according to claim 5,

wherein the chain cover includes a second positioning por-
tion having an attachment boss fitting hole into which
the attachment boss is inserted and fittable, and

wherein the first positioning portion having the outer cir-
cumferential portion of the attachment boss of the oil
seal fixing member, and the second positioning portion
having the attachment boss fitting hole of the chain cover
determine the position of the chain cover with respect to
the oil seal fixing member in the second direction.

7. The internal combustion engine according to claim 1,

wherein the oil seal fixing member includes a second chain
cover contact portion that is in contact with the chain
cover in the vicinity of the first sealing member, and
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wherein in a state where a second gap is provided between
the oil seal fixing member and the chain cover by the first
sealing member, the second chain cover contact portion
is brought into contact with the chain cover from the oil
seal fixing member toward the chain cover in the first
direction.

8. The internal combustion engine according to claim 1,

wherein the chain cover includes an oil seal fixing member
engaging portion that is engaged with a portion of the oil
seal fixing member in the vicinity of the first sealing
member via a crankshaft insertion hole of the oil seal
fixing member, the portion being present opposite to the
chain cover, and

wherein in a state where the second gap is provided
between the oil seal fixing member and the chain cover
by the first sealing member, the oil seal fixing member
engaging portion is brought into contact with the oil seal
fixing member from the portion of the oil seal fixing
member toward the oil seal fixing member in the first
direction, the portion being present opposite to the chain
cover.

9. The internal combustion engine according to claim 8,

wherein the oil seal fixing member engaging portion is also
brought into contact with an inner surface of the crank-
shaft insertion hole of the oil seal fixing member, and
thus also serves to determine the position of the chain
cover with respect to the oil seal fixing member in the
second direction orthogonal to the extending direction
of the crankshaft.

10. The internal combustion engine according to claim 1,

wherein at least one of the oil seal fixing member and the
chain cover includes a circumferential wall that is cir-
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cumferentially provided so as to surround an overlap-
ping region of the oil seal fixing member and the chain
cover when seen from the extending direction of the
crankshaft, and protrudes in the first direction in which
the oil seal fixing member and the chain cover face each
other.

11. The internal combustion engine according to claim 10,

wherein a Helmholtz resonator is formed by a space sur-

rounded by the circumferential wall between the oil seal
fixing member and the chain cover, and the size of a gap
is adjusted in such a manner that the space is set to have
a predetermined resonance frequency, the gap being
present between a tip of the circumferential wall and a
portion of a facing surface of at least one of the oil seal
fixing member and the chain cover, the portion facing
the tip of the circumferential wall.

12. The internal combustion engine according to claim 10,

wherein the circumferential wall includes a first circum-

ferential wall that extends from the oil seal fixing mem-
ber toward the chain cover, and a second circumferential
wall that is disposed so as to face the first circumferential
wall, with a predetermined gap from the first circumfer-
ential wall in the second direction orthogonal to the first
direction in which the crankshaft extends and that
extends from the chain cover toward the oil seal fixing
member.

13. The internal combustion engine according to claim 10,

further comprising:

a sound absorbing member that is provided in the space
surrounded by the circumferential wall between the oil
seal fixing member and the chain cover.
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